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NATIONAL  WATERWAYS  STUDY 


TRAFFIC  FORECASTING  METHODOLOGY 


PREFACE 

This  report  is  one  of  eleven  technical  reports  pro¬ 
vided  to  the  Corps  of  Engineers  in  support  of  the  National 
Waterways  Study  by  A.  T.  Kearney,  Inc.  and  its  subcon¬ 
tractors.  This  set  of  reports  contains  all  significant 
findings  and  conclusions  from  the  contractor  effort  over 
more  than  two  years. 


A.  T.  Kearney,  Inc.  (Management  Consultants)  was  the 
prime  contractor  to  the  Institute  for  Water  Resources  of 
the  United  States  Army  Corps  of  Engineers  for  the  National 
Waterways  Study.  Kearney  was  supported  by  two  subcontrac¬ 
tors:  Data  Resources,  Inc.  (economics  and  forecasting) 

and  Louis  Berger  &  Associates  (waterway  and  environmental 
eng ineer ing ) . 


The  purpose  of  the  contractor  effort  has  been  to  pro¬ 
fessionally  and  evenhandedly  analyze  potential  alternative 
strategies  for  the  management  of  the  nation's  waterways 
through  the  year  2000.  The  purpose  of  the  National  Water¬ 
ways  Study  is  to  provide  the  basis  for  policy  recommenda¬ 
tions  by  the  Secretary  of  the  Army  and  for  the  formulation 
of  national  waterways  policy  by  Congress. 


This  report  forms  part  of  the  base  of  technical 
research  conducted  for  this  study.  The  primary  purpose  of 
this  report  was  to  develop  a  set  of  unconstrained 
waterways  traffic  demand  projections  under  alternative 
macroeconomic  forecasts  over  a  25  year  period.  The 
results  of  this  analysis  were  reviewed  at  public  meetings 
held  throughout  the  country.  Comments  and  suggestions 
from  the  public  were  incorporated. 


This  is  deliverable  under  Contract  DACW  72-79-C-0003,  Zt  rapraaanta  the  output  to  satisfy 
th»  requirements  for  ths  Miserable  in  the  8  tat  assn  t  of  Work.  This  report  constitutes  ths 
singl*  requirwent  of  this  Project  Blttent ,  oaspieted  by  A.  T.  Kearney,  Inc.  and  its  priaary 
subcontractors.  Data  hesouraes,  Inc.  and  Louis  Ber9*r  nd  Associates,  Inc.  The  priaary 
technical  work  on  this  report  was  the  responsibility  of  Data  Resources,  Inc.  This  docinent 
supsroedss  all  dbliterahle  working  papers.  This  report  is  ths  sole  official  dsli^rable 
available  for  use  under  this  Project  Blament. 
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FOREWARD 


A  unique,  two-stage  forecasting  procedure  was  devel¬ 
oped  for  the  National  Waterways  Study  waterborne  traffic 
analysis.  The  first  stage  examined  the  unconstrained  (by 
modal  or  institutional  factors)  demands  for  future  water¬ 
borne  transportation  in  the  United  States  by  forecasting 
the  regional  economic  growth  for  those  industries  oriented 
toward  waterway  movement  of  goods.  For  example,  waterborne 
coal  traffic  on  the  Ohio  River  depended  on  the  growth  of 
coal  use  by  electric  utilities  and  industrial  plants  in 
the  Ohio  River  Valley  states  to  the  year  2003.  Thus,  the 
underlying  growth  in  waterborne  commodity  traffic  depends 
only  on  macroeconomic  alternatives,  rather  than  transpor¬ 
tation-related  factors  (such  as  moaal  competition) .  This 
report  presents  the  results  of  the  first  stage  analyses. 


The  second  stage  of  the  forecasting  procedure  involved 
development  of  alternative  scenarios  about  the  growth  of 
waterborne  traffic  that  included  economic,  energy,  envir¬ 
onmental,  transportation,  and  public  policy  considerations. 
The  major  differences  between  the  first  and  second  stages 
are  that  other-than  purely  economic  projections  underlie 
the  waterborne  traffic  forecasts  and  that  a  wide  range  of 
public  opinion  was  solicited  by  the  NWS  study  team  on  the 
final  content  of  the  scenarios.  A  typical  modification  to 
the  first  stage  waterborne  coal  traffic  forecasts  by  seg¬ 
ment  was  the  inclusion  of  proposed  coal-based  synthetic 
fuel  plants  that  will  be  served  by  barge  transportation. 

The  waterborne  coal  projections  were  increased  for  relevant 
river  segments  to  reflect  the  additional  coal  flows  to  the 
synfuel  plants  in  the  correct  forecast  years.  In  all,  four 
alternative  futures  were  considered  in  the  second-stage 
scenario  analysis;  Baseline,  High  Water  Transportation  Use, 
Lower  Water  Transportation  Use,  and  Bad  Energy. 


Three  additional  sensitivity  analyses  were  also  devel¬ 
oped.  The  first  examined  potential  United  States  defense 
requirements  for  waterway  usage,  projecting  the  impact  of 
a  limited,  conventional  war  on  waterborne  traffic  flows  in 
the  1980s.  A  second  scenario,  reflecting  the  high  United 
States  export  coal  projections  through  the  year  2000  put 
forth  recently  by  the  National  Coal  Association.  A  third, 
miscellaneous  scenario  contained  certain  historical  and 
forecast  waterborne  data  base  corrections  for  the  Ohio, 
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Monongahela,  and  Inner  Harbor  Canal  (New  Orleans)  water¬ 
ways  as  well  as  higher  overall  waterways  traffic  forecasts 
to  the  year  2003  for  the  Columbia/Snake  and  Arkansas  Ri¬ 
vers  based  on  Corps  of  Engineers  estimates  of  potential 
new  movements  on  these  systems. 


These  sensitivities  reflect  additional  information 
that  became  available  after  the  major  waterborne  forecasts 
were  complete,  and  were  considered  capable  of  influencing 
the  final  conclusions,  thus  warrenting  additional  traffic 
forecasts.  Complete  descriptions  of  the  forecast  assump¬ 
tions  by  scenario  as  well  as  complete  waterborne  traffic 
projections  by  scenario  are  documented  in  the  NWS  report, 
"Waterborne  Commodity  Flow  Projections"  Appendix  A  to  re¬ 
port,  Evaluation  of  Present  Waterways  System. 


Thus,  the  projections  found  in  the  current  report  are 
not  NWS  forecasts  but  only  reflect  the  results  of  the 
first-stage  analysis  described  above.  Final  NWS  waterborne 
traffic  projections  by  scenario  are  found  in  Appendix  A  of 
the  report  referenced  above. 
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EXECUTIVE  SUMMARY 


FARM  PRODUCTS 

Foreign  demand  for  United  States  farm  products  will 
grow  4.0%  per  year  from  1977  to  1990  and  3.0%  per  year  from 
1990  to  2003,  causing  strong  growth  in  domestic  waterborne 
traffic  demand.  Led  by  corn,  wheat,  and  soybeans,  domestic 
farm  products  shipments  will  increase  3.0%  per  year  through 
2003  while  ton-miles  will  grow  3.1%  per  year.  The  Mis¬ 
sissippi,  Illinois,  Ohio  and  Columbia/Snake  Rivers  will  con¬ 
tinue  to  originate  most  tonnage;  approximately  90%  of  the 
domestic  traffic  and  all  the  projected  growth  will  be  in 
shipments  bound  for  export.  Southeastern  States  will  grow 
an  increasing  share  of  United  States  soybean  production  as 
the  Corn  Belt  states  concentrate  on  growing  corn,  leading  to 
especially  strong  growth  on  the  Warrior  River  System;  and 
the  West  Coast  will  ship  around  10%  of  United  States  corn 
exports,  the  share  it  captured  between  1977  and  1979  when 
West  Coast  unit- train  service  was  expanded. 


METALLIC  ORES 


Iron  ore  consumption  is  projected  to  increase  by  83.4% 
(91  million  tons)  between  1977  and  2003,  due  to  a  65.5% 
increase  in  raw  steel  production  coupled  with  large  scale 
development  of  direct  reduced  iron  production  in  the  United 
States  in  response  to  iron  and  steel  scrap  shortages  in  the 
late  1980s  and  1990s.  Differential  rates  of  growth  of  steel 
production  as  well  as  furnace  conversion  rates  lead  to  dif¬ 
ferent  rates  of  growth  of  ore  consumption  regions.  For  ex¬ 
ample,  while  steel  production  in  the  South  grows  at  2.2%  per 
year  between  1977  and  2003,  iron  ore  requirements  in  that 
region  grow  by  4.1%  per  year. 


Domestic  waterborne  ore  traffic  demand  grows  from  52.4 
million  tons  in  the  strike-depressed  year  of  1977  to  98.1 
million  tons  in  1990  (5%  per  year  growth)  and  then  to  137.4 
million  tons  during  the  second  half  of  the  forecast  period 
(2.6%  per  year).  This  growth  is  dominated  by  iron  ore, 
which  constitutes  95%  of  the  tonnage  and  grows  from  50  mil¬ 
lion  tons  in  1977  to  133.9  million  tons  in  2003.  Domestic 
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non-ferrous  ore  flows  grow  by  1.6%  per  year  to  1990  and  1.3% 
beyond,  with  growth  rates  depressed  by  continued  increases 
in  the  concentration  of  ore  imports. 

Waterborne  imports  of  metallic  ores  grow  from  59.6  mil¬ 
lion  tons  in  1977  to  71.9  million  tons  in  1990  (1.5%  per 
year),  and  to  100.5  million  tons  in  2003  (2.6%  per  year 
after  1990).  Iron  ore  imports,  which  were  buoyed  by  the 
strike  in  1977,  grow  at  1.2%  per  year  to  1990  (compared  to 
1.9%  for  non-ferrous  ores)  and  3.0%  per  year  after  1990 
(1.7%  for  non-ferrous). 


In  general,  the  demand  for  domestic  waterborne  metallic 
ore  transportation  is  projected  to  grow  somewhat  faster  than 
iron  ore  consumption  because  the  stagnation  of  iron  ore  pro¬ 
duction  in  the  South  leads  to  increased  imports  and  sub¬ 
sequent  barge  delivery  to  plants  in  that  region.  Similarly, 
the  shut-down  of  ore  production  in  the  Northeast  leads  to 
some  substitution  of  Lake  Superior  ore  and  Great  Lakes 
transportation.  Finally,  the  recovery  of  domestic  mining  in 
the  Lake  Superior  region  in  the  beginning  of  the  projection 
period  causes  a  rapid  increse  in  Lakes  transportation  and  a 
related  fall-off  of  imports. 


Relatively  slow  projected  growth  of  iron-ore  re¬ 
quirements  in  the  Cincinnati  area  and  non-ferrous  ore  im¬ 
ports,  both  of  which  stimulate  the  demand  for  inland  barge 
movements  out  of  Lower  Mississippi  River  ports,  leads  to 
slower- than-average  growth  in  metallic  ores  demand  on  the 
Mississippi  and  Ohio  Rivers. 


COAL 

Waterborne  tonnage  of  coal  will  continue  to  be  a  sig¬ 
nificant  contribution  to  total  waterborne  tonnage  throughout 
the  forecast  period.  Total  domestic  demand  for  waterborne 
coal  tonnage  is  expected  to  grow  at  an  average  annual  rate 
of  4.5%  from  1977  to  1990  and  3.2%  from  1990  to  2003.  Total 
waterborne  export  demand  is  expected  to  grow  an  average  of 
3.6%  per  year  from  1977  to  1990  and  1.8%  per  year  from  1990 
to  2003  while  total  waterborne  import  demand,  on  the  other 
hand,  will  grow  an  average  of  5.4%  per  year  from  1977  to 
1990  (the  majority  of  the  increase  was  registered  in  1978 
when  imports  reached  2.95  milion  tons)  and  0.1%  per  yea jr 
from  1990  to  2003.  Demand  for  domestic  waterborne  coal 


tonnage  will  more  than  double  during  the  26  years  forecast 
period,  increasing  from  156.3  million  tons  in  1977  to  418.9 
million  tons  in  2003. 


Mississippi  River  segments  will  represent  the  key  areas 
of  significant  growth  for  waterborne  coal  demand  during  the 
forecast  period.  Two  factors  which  will  combine  to  make 
this  growth  occur  include  the  assumed  location  of  three  syn¬ 
thetic  fuel  plants  on  the  Lower  Mississippi  River  and  five 
synthetic  fuel  plants  on  the  Mississippi  River  -  Baton  Rouge 
to  Gulf  segment,  as  well  as  increased  coal  exports  through 
the  Baton  Rouge  to  Gulf  segment.  In  addition,  significant 
growth  will  occur  along  the  Middle  Atlantic  segment  re¬ 
presentative  of  the  conversion  of  oil-burning  utility  plants 
to  coal-burning.  Although  no  major  modal  shifts  are  ex¬ 
pected  to  occur  from  1977  to  2003,  coal  slurry  pipelines  and 
a  deregulated  railroad  network  could  offer  new  trans¬ 
portation  choices  to  coal  shippers  and  receivers.  A  con¬ 
tinuing  increase  in  demand  for  western  coal  will  also  offer 
more  opportunities  for  an  integrated  rail-barge  network. 
Demand  for  domestic  waterborne  coal  tonnage  as  a  percent  of 
total  demand  will,  however,  remain  almost  constant  from  1977 
to  2003,  decreasing  from  22%  in  1977  to  21%  in  2003. 


CRUDE  PETROLEUM 


By  2003  the  demand  for  waterborne  transportation  of 
crude  petroleum  increases  significantly  over  1977  levels, 
with  domestic  waterborne  movement  demand  at  176.3  million 
tons,  119%  higher  than  in  1977,  and  import  movements  at 
560.5  million  tons,  up  38%.  Export  traffic,  with  minimal 
tonnage  in  1977,  continues  to  decline.  Increased  Alaskan 
North  Slope  production  (from  .34  mmbd  in  1977  to  1.6  mmbd  by 
1985,  a  371%  increase  in  production  levels)  results  in 
increased  flows  of  Alaskan  crude  to  West  Coast  and  Gulf 
Coast  locations,  and  substantial  displacement  of  imported 
crude  petroleum  flows  to  the  West  Coast  for  refinery  oper¬ 
ations.  The  Northern  Tier  pipeline  is  expected  to  be  con¬ 
structed  and  to  have  flows  of  .70  mmbd  by  1985,  rising  to 
1.0  mmbd  for  1995-2003.  The  pipeline  attracts  substantial 
flows  of  both  Alaskan  and  foreign  crude  petroleum.  Con¬ 
tinued  displacement  of  domestic  waterborne  crude  petroleum 
flows  from  the  Gulf  to  the  East  Coast  is  expected  to  con¬ 
tinue  and  to  be  complete  by  1985.  Domestic  coastwise  and 
internal  flows  are  expected  to  continue  to  incrase,  although 
internal  flows  other  than  those  along  the  GIWW,  deepwater 
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lower  Mississippi  ports,  and  some  other  internal  southern 
segments  are  expected  to  remain  relatively  minor  in  mag¬ 
nitude.  Major  industry  changes  in  the  next  25  years  are  not 
expected.  The  petroleum  industry  will  continue  to  drill 
deeper,  to  utilize  more  advanced  exploration  and  reclamation 
techniques,  and  to  drill  in  offshore  waters,  all  to  an 
increasing  extent.  Increased  prices  of  crude  petroleum  re¬ 
duces  consumption  of  petroleum  products,  acts  to  conserve 
petroleum,  and  hasten  development  of  alternative  energy 
sources.  Major  modal  changes,  other  than  those  associated 
with  the  Northern  Tier  pipeline  are  not  expected.  The  rela¬ 
tively  mature  nature  of  the  distribution  system  for  crude 
petroleum  has  already  lead  to  most  opportunities  for  cost 
efficient  pipeline  transportation  of  crude  petroleum  to  be 
developed.  The  LOOP  (Louisiana  Offshore  Oil  Port)  and 
potentially  the  Texas  Superport  port  facility  expansion(s) 
act  to  increase  the  amount  of  crude  petroleum  imports  to  the 
Gulf  Coast  by  reducing  transportation  costs  to  the  Gulf. 

The  existing  infrastructure  and  investment  in  collection, 
distribution,  transporatation,  storage,  and  refinery 
facilities  through  the  Gulf  Coast  in  particular  and  to  a 
lesser  extent  in  other  regions  acts  to  retard  major  modal 
and  regional  shifts  in  industry  distribution  and  logistics 
activity. 


NONMETALLIC  MINERALS 

Although  domestic  nonmetallic  mineral  traffic  will  grow 
.8%  per  year  between  1977  and  2003,  traffic  will  fall  on  17 
of  22  segments.  The  Ohio  River  and  Middle  Atlantic  Coast 
will  lose  the  most  tonnage  as  sand  and  gravel  shipments  on 
these  segments  decline.  The  only  major  growth  area  is  the 
Great  Lakes  where  shipments  increase  36.7  million  tons  and 
receipts  37.2  million  tons,  primarily  because  of  growth  in 
limestone,  sand  and  gravel  traffic.  Market  shifts  will  re¬ 
duce  the  waterborne  share  of  sand  and  gravel  and  sulfur; 
increased  dredging  restrictions  will  strengthen  the  com¬ 
petitive  position  of  land  quarries,  and  the  increase  in  re¬ 
covered  sulfur  production  coupled  with  the  limited  supply  of 
Frasch  sulfur  will  favor  rail  transportation.  In  foreign 
trade  the  major  development  will  be  a  rapid  decline  in 
phosphate  rock  exports  as  a  result  of  limits  on  production 
and  increased  domestic  demand. 


FOOD  AND  KINDRED  PRODUCTS 


The  demand  for  domestic  food  and  kindred  products  traf¬ 
fic  will  grow  3.2%  per  year  from  1977  to  1990  and  1.9%  per 
year  from  1990  to  2003.  Like  farm  products,  most  domestic 
food  products  traffic  moves  from  producing  regions  down  the 
Mississippi  and  its  tributaries  to  Lower  Mississippi  ports 
for  export.  Growth  in  these  shipments  is  concentrated  in 
grain  mill  products  and  oils,  particularly  soybean  meal  and 
oil . 


Other  major  domestic  flows  are  coastwise  shipments  of  a 
variety  of  other  food  products  to  and  from  Hawaii  and  the 
Caribbean.  Exports  of  food  and  kindred  products,  pre¬ 
dominantly  grain  mill  products,  grow  3.5%  per  year  to  1990 
and  1.7%  per  year  from  1990  to  2003;  imports,  dominated  by 
the  "other"  component,  grow  3.9%  per  year  from  1977  to  2003. 
Deregulation  of  the  railroad  industry  may  increase  the  rail 
share  of  domestic  food  products  traffic  if  railroads  decide 
to  set  grain  mill  product  rates  closer  to  volume  grain 
rates,  but  this  depends  on  rail  marketing  strategy  and  the 
outcome  is  in  doubt . 


LUMBER  AND  WOOD  PRODUCTS 


The  majority  of  waterborne  lumber  and  wood  products 
tonnage  has  historically  been  concentrated  in  the  Pacific 
Northwest  on  the  Washington/Oregon  Coast,  the  Columbia- 
Snake-Willamette  River  system  and  the  Alaskan  Coast.  The 
movement  of  rafted  logs  accounts  for  the  majority  of 
domestic  shipments  and  receipts  on  these  three  segments, 
while  exports  from  the  Pacific  Northwest  account  for  another 
significant  portion  of  total  lumber  and  wood  products  flows. 
Demand  for  total  waterborne  traffic  by  the  lumber  and  wood 
products  industry  is  expected  to  average  annual  rates  of 
growth  of  only  0.1%  from  1977  to  2003,  largely  the  result  of 
a  sharp  decline  in  log  exports  during  the  26  year  period. 
Total  waterborne  exports  accounted  for  43%  of  total  flows 
in  1977  but  are  expected  to  contribute  only  30%  to  total 
flows  in  2003.  Exports  will  decline  at  an  average  annual 
rate  of  -1.6%  from  1977  to  1990  and  -0.8  from  1990  to  2003. 
Demand  for  domestic  waterborne  traffic  by  the  lumber  and 
wood  products  industry,  however,  is  expected  to  grow  at 
average  annual  rates  of  growth  of  1.7%  from  1977  to  1990  and 
0.3%  from  1990  to  2003. 
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A  shift  to  an  increased  reliance  on  southern  timber  as 
opposed  to  Pacific  Northwest  timber  by  the  lumber  and  wood 
products  industry  will  be  the  major  industry  development 
during  the  forecast  period.  Although  motor  carriers  will  be 
the  primary  mode  to  benefit  from  the  West  to  South  shift  in 
resources,  the  southern  waterways  should  experience  some 
increases  in  demand  for  traffic,  especially  for  exporting. 
This  is  reflected  in  the  strong  average  annual  growth  rates 
for  exports  out  of  Gulf  Coast  and  East  Coast  ports  (an  aver¬ 
age  of  5.3%  from  1977  to  1990  and  0.8%  from  1990  to  2003)  as 
opposed  to  the  negative  average  annual  growth  rates  seen  on 
the  West  Coast  (an  average  of  -2.5%  from  1977  to  1990  and 
-1.2%  from  1990  to  2003). 


PULP,  PAPER  AND 
ALLIED  PRODUCTS 


Waterborne  flows  of  pulp,  paper  and  allied  products 
have  historically,  been  an  insignificant  portion  of  total 
waterborne  tonnage.  In  1977,  only  11.75  million  tons  orig¬ 
inated  or  terminated  on  the  United  States  waterway  network. 
This  figure  is  expected  to  increase  to  13.94  million  tons  in 
1990  and  15.71  million  tons  in  2003.  These  figures  trans¬ 
late  into  average  annual  waterborne  demand  growth  rates  of 
1.3%  from  1977  to  1990  and  0.9%  from  1990  to  2003.  Export 
tonnage,  which  accounted  for  43%  of  total  pulp,  paper  and 
allied  products  waterborne  tonnage  in  1977,  will  experience 
increases  in  demand  on  average,  of  2.2%  per  year  from  1977 
to  1990  and  1.4%  from  1990  to  2003.  Imports,  on  the  other 
hand,  will  experience  average  annual  declines  in  demand  of 
-1.6%  from  1977  to  1990  and  -1.1%  from  1990  to  2003.  Import 
waterborne  tonnage  accounted  for  23%  of  total  pulp,  paper 
and  allied  products  tonnage  in  1977. 


Although  the  pulp,  paper  and  allied  products  industry 
will  have  more  difficulty  moving  to  the  South  than  the 
lumber  and  wood  products  industry,  there  will  be  a  signifi¬ 
cant  increase  in  production  capacity  for  pulp,  paper  and  al¬ 
lied  products  in  the  South  during  the  forecast  period.  This 
increase  in  capacity  will  in  turn,  offer  more  opportunities 
for  domestic  waterborne  traffic  simply  because  more  water¬ 
ways  exist  in  the  South  than  in  the  Pacific  Northwest.  De¬ 
spite  these  factors,  demand  for  domestic  waterborne  trans¬ 
portation  as  a  percent  of  total  demand  for  waterborne  trans¬ 
portation  by  the  pulp,  paper  and  allied  products  industry 
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will  only  reach  37%.  This  figure  could  increase  signifi¬ 
cantly,  however,  as  a  result  of  increased  truck  and/or  rail 
rates . 


CHEMICALS 

By  2003,  the  demand  for  domestic  waterborne  trans¬ 
portation  of  chemicals  rises  steadily  to  230%  of  1977  traf¬ 
fic  levels,  up  to  105.9  million  tons  from  46.1  million  tons 
in  1977.  Imports  trend  upwards  to  approximately  167%  of 
1977  levels,  up  to  18.1  million  tons  for  2003,  from  10.9 
million  tons  in  1977.  Exports  in  2003  are  125%  of  1977 
levels,  at  26.0  million  tons  for  2003,  compared  to  20.8  mil¬ 
lion  tons  in  1977,  after  peaking  in  1985  at  32.7  million 
tons  before  declining  gradually  to  2003.  Total  traffic  re¬ 
flects  the  combined  impacts  of  increasing  demands  for  im¬ 
ports,  exports,  and  domestic  traffic,  with  2003  levels  at 
193%  of  1977  traffic,  up  to  15.0  million  tons  for  2003,  from 
77.8  million  tons  in  1977. 


Key  components  of  the  overall  growth  in  chemicals  traf¬ 
fic  include  rapidly  increasing  domestic  consumption  of  urea 
and  nitrogen  solutions  for  fertilizer  use,  with  less  rapid 
increases  in  DAP  and  concentrated  superphosphate  fertil¬ 
izers,  rapidly  increasing  exports  of  phosphate-containing 
fertilizers  to  1985,  followed  by  gradual  declines,  and 
gradual,  steady  growth  in  imported  tonnages.  Industrial 
chemicals  generally  exhibit  upward  trends  ranging  from  2.5% 
per  year  to  4.6%  per  year  for  a  broad  mix  of  chemicals  for 
domestic  traffic.  Exports  of  industrial  chemicals  peak  in 
1980,  due  to  controlled  United  States  petroleum  prices,  and 
decline  to  1990,  before  returning  to  their  long  term  growth 
paths  in  the  1990s.  Imports  of  industrial  chemicals  decline 
in  1980,  and  pick  up  in  1985  and  1990,  returning  to  long 
term  growth  paths  through  the  1990 ’s  to  2003. 


Key  segments  exhibiting  significant  shifts  in  traffic 
over  time  include  the  Ohio,  Tennessee  ,  and  Upper  Lower  Mis¬ 
sissippi  segments  for  domestic  industrial  chemicals,  which 
increase  through  1985  to  2000  due  to  relocation  of  a  mod¬ 
erate  amount  of  industry  capacity  to  secure  access  to  coal 
for  inexpensive  fuel  and  power  uses,  and  also  for  raw  mater¬ 
ial  uses  as  a  direct  or  indirect  source  of  petrochemical 
feedstocks  and  raw  materials,  without  need  for  intermediate 


transportation  of  coal  to  the  Gulf  Coast.  Substantial 
amounts  of  coal  based  chemical  facilities  are  also  expected 
to  be  built  along  the  GIWW  and  lower  reaches  of  the  Mis¬ 
sissippi  River.  Terminations  are  less  affected  than  oriq- 
inations  by  this  shift  in  industry  location  due  to  southern 
and  western  segments  than  in  the  industrial  Midwest,  re¬ 
sulting  from  regional  demand  changes  and  differing  rates  of 
regional  Atlantic  and  Middle  Atlantic  Segments  exhibit  the 
largest  declines  in  total  petroleum  product  traffic,  re¬ 
flecting  declining  demands,  while  South  Atlantic  traffic 
trends  are  flat  to  slightly  negative.  Gulf  Coast  to  East 
Coast  flows  are  reduced  by  completion  of  Colonial  pipeline 
system  expansions  in  1981.  Internal  traffic  generally  ex- 
hibts  flat  to  1%  per  year  traffic  increases,  with  growth 
higher  in  the  the  downstream  derivative  processing  plants, 
which  would  use  the  coal  based  intermediates  as  inputs,  re¬ 
maining  in  their  current  locations.  East  Coast  and  West 
Coast  traffic  levels  are  adversely  impacted  by  environmental 
considerations  affecting  industry  location,  and  fail  to  ex¬ 
hibit  the  traffic  increases  exhibited  in  internal  traffic 
and  along  the  Gulf  Coast.  Fertilizer  shipments  to  the  Corn 
Relt,  (Illinois,  Ohio,  Upper  Mississippi  segments)  show  sub¬ 
stantial  gains  of  50%  to  100%  from  1977  to  2003,  with  the 
traffic  primarily  coming  from  the  Baton  Rouge-Gulf,  Gulf 
Coast  East,  and  Gulf  Coast  West  segments.  Major  industry 
and  modal  changes  are  not  expected  in  the  forecast  period. 
Water  will  gain  share  slightly  over  rail  as  an  increasing 
fraction  of  industry  capacity  is  located  on  the  water  and  in 
world  scale  size  plants.  Industry  shifts  are  mostly  related 
to  process  technology  and  feedstock  shifts  as  the  chemical 
industry  learns  to  use  coal  based  feedstocks  and  heavy 
gas/oil  petroleum  cuts  rather  than  today's  reliance  on 
natural  gas,  naphthas,  and  light  petroleum  cuts. 


PETROLEUM  AND  COAL 
PRODUCTS 


By  2003,  the  demand  for  waterborne  transportation  of 
petroleum  and  coal  products,  primarily  consisting  of 
petroleum  products,  will  be  at  close  to  1977  levels  for 
domestic  traffic,  and  will  exhibit  declines  for  imports  of 
residual  fuel  and  "Other"  petroleum  products,  while  imports 
of  other  products  (jet  fuel,  kerosine,  distillates,  gaso¬ 
line)  remain  at  1977  levels,  to  achieve  a  net  27%  reduction 
in  total  petroleum  product  imports  by  2003  from  1977  levels. 
Exports,  already  minimal  in  1977,  decline  further  throughout 
the  forecast  period  as  the  nation  conserves  its  petroleum 
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for  internal  use.  Substantial  shifts  in  relative  mix  of 
petroleum  products  occur  in  the  forecast  period.  Gasoline 
and  residual  fuel  demands  decline  over  time  while  distillate 
fuel,  jet  fuel  and  kerosine,  and  "Other"  petroleum  product 
demands  increase  over  time.  Gasoline's  share  of  domestic 
product  shipments  declines  to  21%  by  2003  from  26%  in  1977, 
while  residual  fuel  shipments  decline  to  26%  by  2003  from 
36%  in  1977.  Jet  fuel  and  kerosine  increase  to  7%  of  ship¬ 
ments  by  2003  from  a  1977  share  of  5%,  while  distillate 
fuels  increase  share  to  32%  by  2003  on  a  1977  share  of  25%, 
and  "Other"  petroleum  products  increase  share  to  14%  by  2003 
on  a  1977  share  of  8%.  Total  domestic  traffic  over  this 
time  stayed  relatively  flat  at  from  364  million  tons  to  367 
million  tons.  Key  segments  exhibit  significant  changes  in 
traffic  pattern.  North  growth.  West  Coast  traffic  exhibits 
mixed  trends  by  time  period  and  segment.  Major  industry 
shifts  are  not  expected  to  be  significant.  Oil  Producing 
Export  Country  price  trajectories  will  adversely  impact 
petroleum  demands  and  hasten  adoption  of  alternative  energy 
sources.  Some  modal  changes  will  occur  across  the  forecast 
period.  Those  petroleum  products  that  are  nonpipeable  will 
continue  to  move  primarily  via  water  for  short,  medium  and 
long  haul  movements.  Competition  by  oipeline  operators  for 
transportation  of  pipeable  petroleum  p  oducts,  either 
increases  in  pipeline  transmission  capacity  or  attempts  to 
maintain  pipeline  traffic  at  capacity  in  the  face  of  slow 
growth  to  declining  demands  for  pipeable  product  trans¬ 
portation  at  the  expense  of  waterborne  transportation  will 
adversely  affect  the  levels  of  waterborne  transportation  of 
products.  Compounding  this  are  the  frequent  financial  re¬ 
lationships  between  pipeline  operators  and  major  petroleum 
refiners  and  marketers,  which  induces  shippers  to  utilize 
pipeline  transportation  to  recover  a  return  on  their  fixed 
pipeline  investments.  Major  new  pipeline  systems  are  con¬ 
sidered  unlikely,  although  stublines,  looping  of  pipe,  re¬ 
laying  of  some  pipe  with  larger  diameter  pipe,  new  terminals 
and  pump  stations,  and  installation  of  higher  horse-powerage 
pumps  will  act  to  increase  pipeline  transmission  capacity. 


STONE,  CLAY,  GLASS 

AND  CONCRETE  PRODUCTS 


Total  domestic  waterborne  flows  in  stone,  clay,  glass 
and  concrete  products  are  expected  to  grow  from  about  12 
million  tons  in  1977  to  over  25  million  tons  by  the  year 
2003.  Through  1990,  demand  will  increase  by  a  compound  an¬ 
nual  rate  of  4.0%,  with  the  rate  declining  to  2.1%  through 
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2003.  The  majority  of  domestic  waterborne  tonnage  growth 
in  this  commodity  is  due  to  increased  cement  movements.  The 
Atlantic  Coast  ports  experience  a  strong  growth  in  coastwise 
flows  of  cement  as  imports  are  distributed  to  final  con¬ 
sumers.  Total  cement  and  other  stone,  clay  and  glass  prod¬ 
uct  imports  are  expected  to  grow  from  3.9  million  tons  in 
1977  to  5.5  million  by  the  year  2003.  For  the  inland  sys¬ 
tem,  the  Ohio  River,  Gulf  Coast  Waterways,  and  the  Lower 
Mississippi  River  are  the  segments  likely  to  have  the  most 
rapid  growth  in  stone,  clay,  glass  and  concrete  products 
over  the  next  25  years.  The  only  major  market  change  ex¬ 
pected  in  this  commodity  is  the  increase  in  long-haul  cement 
traffic  on  the  Mississippi  and  Ohio  River  Systems.  The  key 
industry  change  during  the  forecast  period  is  the  inability 
to  easily  relocate  cement  plants  (due  to  environmental  re¬ 
strictions)  nearer  changing  demand  sites  and  the  resultant 
potential  growth  in  waterways  cement  traffic. 


PRIMARY  METALS  PRODUCTS 

Steel  consumption  in  the  United  States  will  increase  by 
77.2  million  short  tons  (71%)  between  1977  and  2003  -  a  com¬ 
pound  annual  rate  of  just  over  2.0%.  The  import  share  will 
settle  at  long  term  levels  of  ground  15%  by  the  end  of  the 
period,  but  not  before  a  temporary  peak  in  the  mid-1980s. 

The  funds  for  the  domestic  capacity  expansion  required  to 
meet  these  projections  are  assumed  to  be  forthcoming  from 
favorable  tax  law  changes  and  a  modest  improvement  in  the 
price-cost  relationship  for  domestic  steel. 

The  demand  for  domestic  waterborne  transportation  of 
primary  metals  grows  more  slowly  than  steel  consumption 
( 1 .6%— 1 .7%  per  year),  both  because  steel  imports,  which  ac¬ 
count  for  a  disproportionate  share  of  domestic  barge  steel 
transportation  activity,  lose  market  share  from  high  1977 
levels  and  because  intrasegment  steel  flows  are  expected  to 
continue  stagnating. 


Primary  metal  imports  grow  somewhat  faster  than 
domestic  waterborne  traffic  demand  over  the  early  forecast 
period  due  to  a  surge  in  coke  imports  in  the  late  1970s  and 
early  1980s  and  strength  in  "other"  primary  metals  imports 
including  ferroalloys  and  non-ferrous  metals.  Thus,  while 
iron  and  steel  imports  increase  by  only  1.4%  per  year  from 


1977  to  1990,  "other"  primary  metals  grow  by  5.4%  per  year, 
and  coke  imports  increase  from  2.1  million  tons  to  6.6  mil¬ 
lion  tons. 


Although  the  modest  market  share  loss  of  steel  imports 
encourages  relatively  faster  growth  in  waterborne  trans¬ 
portation  demand  out  of  the  northern  producing  areas,  the 
strong  growth  of  ferroalloy  and  other  import-related  primary 
metals  traffic  out  of  the  Gulf  preserves  the  major  role  of 
Lower  Mississippi  River  ports  in  originating  waterborne 
primary  metals  shipments. 


WASTE  AND  SCRAP 

Domestic  waterborne  waste  and  scrap  transportation  is 
flat  from  1977  to  1990  and  actually  declines  slightly  from 
14.3  million  tons  in  1990  to  13.9  million  tons  in  2003. 

This  reflects  growth  in  waterborne  metal  scrap  demand  of 
3.1%  per  year  between  1977  and  1990  and  .4%  thereafter,  off¬ 
set  by  slow  declines  in  "other"  scrap  demand  (-.3%  to  -.7% 
per  year) .  Metal  scrap  demand  is  driven  by  growth  in  scrap 
requirements  at  water  served  iron  and  steel  plants  as  well 
as  scrap  export  activity,  both  of  which  are  strong  in  the 
early  1980s,  but  flatten  out  thereafter  under  the  influence 
of  scrap  shortages  and  increased  use  of  sponge  iron  as  a 
steel  furnace  feed.  Declines  in  "other"  scrap  reflect  con¬ 
tinued  restrictions  on  garbage  and  sludge  dumping  in  the 
face  of  environmental  pressures. 


OTHER  COMMODITIES 

Domestic  waterborne  traffic  flows  of  "other  com¬ 
modities"  are  expected  to  grow  at  a  substantially  lower  rate 
than  foreign  trade  in  these  commodities  over  the  forecast 
period.  Domestic  flows,  led  basically  by  manufactured  prod¬ 
ucts  are  likely  to  increase  by  just  under  2%  per  year  from 
1977  to  2003,  while  imports  of  "other  commodities"  (also 
paced  by  miscellaneous  manufacturers)  are  forecast  to  grow 
at  3.8%  per  year  and  exports  at  5.7%.  Within  domestic 
trades,  coastwise  flows  of  manufactured  commodities  - 
closely  experience  the  strongest  growth  to  2003.  All  three 
coasts  -  Atlantic,  Gulf,  and  Pacific  -  have  similar  foreign 
and  coastwise  trade  growth  rates  in  these  commodities  over 
the  next  twenty-five  years.  Miscellaneous  manufacturers 
growth  results  in  large  traffic  increases  in  domestic  flows 
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along  the  Gulf  Coast  West,  in  line  with  recent  experience  in 
the  region.  The  major  market  shift  in  "other  commodities" 
during  the  forecast  period  is  the  growth  in  foreign  trade 
activity.  On  a  relative  basis,  the  largest  increases  in 
"other  commodity"  foreign  trade  tonnage  occurs  on  the  hast 
and  West  Coasts  of  the  United  States.  Any  forecasts  risk 
are  associated  with  United  States  foreign  trade  policy  and 
the  ability  of  the  United  States  to  control  oil  imports  in 
the  next  decade,  favoring  improved  balance  of  trade  as  wel 1 
as  trade  growth  in  the  forecast  period. 
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'  >B.T  NC’T  [  VI’ 


The  primary  purpose  of  the  National  Waterway  Study  com¬ 
modity  flow  analysis  was  to  develop  a  set  of  unconstrained 
waterways  traffic  demand  projections  under  alternative 
macroeconomic  forecasts  over  the  next  2S  years.  Tin- 
constrained  projections  represent  an  estimate  of  potential 
waterways  traffic  as  determined  by  growth  or  decline  in  ec¬ 
onomic  markets  and  subject  to  no  physical  transportation 
constraints  over  time. 


The  term  unconstrained  projections  as  related  to 
waterways  traffic  refers  only  to  transportation-related 
capacity  restrictions  that  may  impact  future  waterborne 
shipments.  This  phase  of  the  National  Waterways  Study 
souqht  to  address  the  range  of  feasible  waterborne  traffic 
flows,  assuming  no  waterways  lock,  or  other  channel,  ter¬ 
minal,  port,  constraints  hindered  growth.  Of  course,  the 
economic  capacity  of  United  States  industries  constrains  the 
total  traffic  forecasts.  The  overall  investment  potential 
of  the  economy  is  limited  by  the  growth  in  potential  labor 
force,  productivity  and  technology,  among  other  factors. 
Thus,  the  forecasts  presented  in  the  following  chapters  do 
reflect  estimates  of  the  effect  of  future  economic 
capacities  by  industry  on  water-related  shipments,  but  do 
not  explicitly  restrict  any  movement  due  to  a  perceived 
waterborne  transportation  constraint. 


In  particular,  waterborne  traffic  is  estimated  to 
increase  or  decrease  in  line  with  industries  using  waterways 
to  ship  all  or  part  of  their  inputs  and/or  outputs.  Re¬ 
gional  shifts  in  production  can  also  affect  levels  of 
waterborne  traffic  over  time.  Further,  physical  capacity 
constraints  are  assumed  to  be  non-binding  for  all  modes  in 
the  analysis.  Rail  terminal  restrictions,  export  port  con¬ 
gestion,  and  limited  throughput  at  a  waterway  locks  are  all 
documented  but  held  in  reserve  for  later  analysis.  The  ob¬ 
jective  is  to  determine  what  traffic  would  use  the  United 
States  waterways  system  in  the  future  given  a  lack  of  capac¬ 
ity  -  limiting  constraints  on  the  existing  system. 
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Such  an  estimate  clearly  represents  an  upper  economic 
bound  on  total  waterways  traffic,  one  that  will  likely  never 
be  reached.  Of  course,  increasing  all  lock  sizes  and  water¬ 
way  depths  would  result  in  a  hiqher,  physically  unconstrain¬ 
ed  system  usage.  However,  a  national  study  is  obliged  to 
look  at  a  wide  range  of  possible  traffic  projections  in 
order  to  plan  fully  for  an  uncertain  future.  In  an  effort 
to  include  a  detailed  analysis  of  how  economic  growth  in  the 
United  States  will  affect  waterways  transportation  without 
assuming  either  rail  or  barge  capacity  constraints,  the  un¬ 
constrained  traffic  projection  approach  was  developed.  The 
objective  of  National  Waterway  Study  is  to  identify  and 
analyze  alternative  strategies  for  providing  a  navigation 
system  to  serve  the  nation's  current  and  projected  trans¬ 
portation  needs.  A  primary  output  of  Element  B  is  a  set  of 
three  demand  projections  based  on  alternative  macroeconomic 
outlooks  of  the  performance  of  the  United  States  economy 
over  the  next  25  years. 


The  three  demand  projections  are  inputs  to  ten  National 
Waterway  Study  traffic  scenarios  which  also  vary  such  alter¬ 
nate  states  of  the  world  as  transportation  regulation,  en¬ 
vironmental  restrictions,  and  other  policy  considerations, 
as  well  as  industry-specific  sensitivity  factors.  For  ex¬ 
ample,  one  alternative  forecast  examines  the  collective  ef¬ 
fect  of  a  set  of  governmental  policies  that  are  least  favor¬ 
able  to  waterways  development  over  the  next  25  years.  These 
forecasts  will  encompass  a  set  of  alternative  futures  that 
policy-makers  can  use  to  plan  for  a  wide  variety  of  poten¬ 
tial  events,  rather  than  just  changing  macroeconomic  con¬ 
ditions.  The  evaluation  stage  of  National  Waterway  Study 
uses  the  prior  technical  work  -  forecasts  of  potential  fu¬ 
ture  use  of  waterways  and  estimates  of  waterway  capability  - 
to  analyze  needs  by  comparing  forecasts  of  use  with  water¬ 
ways  capability.  In  addition,  alternative  strategies  to 
meet  these  needs  are  identified  and  evaluated. 


FORECASTING  METHODOLOGY 

The  National  Waterway  Study  commodity  flow  forecasting 
methodology  has  been  designed  to  provide  consistent  national 
and  regional  waterborne  traffic  projections  to  the  year 
2003.  Figure  1-1  describes  the  overall  forecasting  work 
flow. 
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First,  a  macroeconomic  model  of  the  United  States  Ec¬ 
onomy  was  used  to  generate  three  alternative  macroeconomic 
forecasts  of  the  United  States  economic  performance  over  the 
next  25  years.  The  basic  forecast  ( TRENDLONG2003A)  es¬ 
timates  that  the  United  States  economy  grows  at  its  poten¬ 
tial  level  of  output  (relative  to  labor  force  growth)  in  the 
forecast  period.  The  first  alternative,  LARGERGOVT2003A, 
estimates  that  the  government  participation  in  the  economy 
increases  in  the  forecast  period,  implying  lower  overall 
growth  rates.  The  second  alternative,  BADENERGY2003A,  es¬ 
timates  that  the  price  of  imported  oil  rises  1.5%  faster  per 
year  than  in  the  basic  forecast. 


Industry  models  (agriculture,  fertilizer,  energy,  coal, 
chemicals,  steel,  and  forest  products)  then  used  the  three 
macroeconomic  forecasts  to  generate  national  and  regional 
forecasts  of  major  waterborne  commodity  groups.  Regionaiity 
varied  by  industry,  with  agriculture  forecasts  at  the  crop 
producing  region,  energy  and  coal  at  the  census  region 
level,  steel  at  the  AISI  production  region,  chemicals  at  the 
Gulf  Coast  versus  other  region  level  and  forest  products  at 
the  state  level  .  The  industry  projections  considered  both 
prodction  and  consumption  shifts  by  commodity  and  region  as 
well  as  new  market  developments  (for  example,  synfuels  pro¬ 
duction  or  new  export  markets)  over  time.  Finally,  sensi¬ 
tivities  of  forecasts  to  key  parameter  changes  (for  example. 
United  States  grain  export  prices)  were  developed  for  addi¬ 
tional  scenario  analysis  later  in  the  study. 


The  transpor 
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tation  analysts  conducted  an  in-depth  study 
rborne  distribution  systems,  including  the 
in  the  logistic  processes  of  major  United 
,  alternative  transportation  modes  avail- 
ive  changes  in  the  process  over  time.  In- 
rs  such  as  environmental  concerns,  new 
al  economics  changes  that  may  influence  fu- 
rategies  are  also  examined. 


In  the  next  stage,  the  regional  industry  production/ 
consumption  forecasts  are  coupled  with  the  logistics  an¬ 
alysis  of  water-served  industries  to  produce  waterborne  de¬ 
mand  projections  by  commodity  and  river  segment.  In  gener¬ 
al,  historical  waterways  traffic  flows  by  segment  were  re¬ 
lated  to  industry  demand  for  production  in  regions  bordering 
the  waterway.  For  example.  Upper  Mississippi  River 


figure  1-1 
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waterborne  coal  traffic  market  shares  of  East  North  Central 
and  West  North  Central  regions  coal  consumption  was  de¬ 
veloped.  Next,  specific  market  share  changes  by  segment 
were  examined,  due  both  to  modal  shifts  within  the  regions 
or  product ion/end-use  shifts  among  the  regions,  for  the 
forecast  period.  In  the  Upper  Mississippi  waterborne  coal 
case,  future  waterway  market  share  was  reduced  because  new 
coal  capacity  at  utilities  is  scheduled  to  be  located  off 
the  river.  Finally,  any  new  flows  were  added,  such  as  the 
movements  from  a  new  coal  terminal  in  Iowa  on  the  Upper  Mis¬ 
sissippi  after  1985. 


Next,  two  procedures  are  used  to  develop  the  six 
National  Waterways  Study  scenarios.  First,  flows  on 
individual  river  segments  by  commodity  can  be  modified  to 
reflect  possible  future  events  impact  on  waterways.  As  an 
example,  grain  movements  originating  on  the  Illinois  Water¬ 
way  can  be  adjusted  to  reflect  the  impacts  of  rail  rate  de¬ 
regulation.  Second,  the  industry  sensitivity  analysis  can 
be  used  to  test  the  effect  of  changing  economic  conditions 
on  waterborne  commodity  flows.  The  impacts  of  allowing 
higher  levels  of  steel  imports  (much  of  which  moves  by 
water)  can  be  evaluated  in  the  forecast  period.  Similarly, 
effects  of  a  nuclear  moritorium  for  new  utility  plants  on 
waterways  coal  traffic  can  be  studied. 


The  National  Waterways  Study  team,  along  with  sub¬ 
stantial  input  from  public  agencies  and  private  sources,  has 
produced  a  set  of  most  likely  alternative  futures  for  United 
States  waterborne  traffic  through  the  year  2003.  These 
scenarios  reflect  possible  events  that  could  impact  the 
level  and  distribution  of  waterborne  shipments  by  commodity 
over  time.  Higher  levels  of  coal  or  grain  exports,  shifts 
in  preferred  export  locations  due  to  changes  in  modal 
transportation  rates,  and  a  bleaker  energy  future  (involving 
higher  fuel  prices  and  faster  conversion  to  petroleum- 
alternative  energy  sources)  are  all  considered  in  the 
analysis.  The  results  are  summarized  in  the  final  report 
for  the  evaluation  and  strategy  stage  of  the  National 
Waterways  Study. 


Finally,  in  the  evaluation  stage  of  the  National 
Waterways  Study,  the  projected  waterborne  demand  forecasts 
are  compared  to  system  capabilities  -  measured  as  lock 
capacity  by  river  segment  -  in  order  to  determine  which 


waterways  may  reach  design  throughput  limits  during  the 
forecast  period. 

UNITED  STATUS  ECONOMY 
FORECASTS 


The  three  macroeconomic  projections  are  based  on  the 
following  judgements. 


TRFNnLONG2003A  (baseline):  estimates  that  the  ec¬ 
onomy  returns  to  its  balanced  growth  path  by  the  mid-1980s, 
in  the  context  of  moderating  inflation. 


LARGF.RGOVT2003A  (  first  alternative)  :  postulates  a 
significantly  larger  government  share  in  total  economic 
activity.  Total  government  spending  rises  from  32.3%  of 
gross  national  product  in  1981  to  36.2%  in  2003,  compared  to 
a  constant  share  in  the  baseline  scenario. 


BADENERGY2003A  (second  alternative):  estimates 
higher  imported  crude  oil  prices  during  the  forecast  period. 
From  1981  to  2003,  the  price  of  imported  oil  is  assumed  to 
rise  at  a  rate  of  1.5  percentage  points  faster  per  year,  so 
that  imported  prices  are  36.3%  above  the  baseline  by  2003. 


Table  1-1  details  the  growth  rates  for  major  model 
forecasts  to  the  year  2003  for  the  baseline  TRENDLONG2003A 
scenario.  The  overall  outlook  is  for  a  continued  reduction 
in  the  potential  level  of  real  gross  national  product  in  the 
forecast  period,  due  primarily  to  a  slowdown  in  the  civilian 
labor  force  growth  and  only  moderate  improvements  in  pro¬ 
ductivity  per  worker.  Imported  fuel  prices  continue  to 
increase  at  a  rate  exceeding  8%  per  year  through  1995.  Con¬ 
servation  and  higher  prices  lead  to  a  slowing  of  the  growth 
rate  of  imported  oil  from  3.8%  in  the  1980  to  1985  period 
down  to  just  over  2%  near  the  end  of  the  century. 


Government  expenditures  are  assumed  to  remain  at  ap¬ 
proximately  the  same  share  of  gross  national  product  through 
the  year  2003.  The  implication  is  that  significant  new  pro¬ 
gram  initiatives  are  funded  at  the  expense  of  existing  pro¬ 
grams  or  out  of  growth  in  tax  revenues. 
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United  States  foreign  trade  is  expected  to  return  to  a 
favorable  balance  (to  the  tfnited  States)  by  the  mid-1980s, 
assuming  the  United  States  is  rapable  of  controlling  oil 
imports  growth.  Production  of  major  grains  outside  the 
United  States  is  expected  to  expand  at  historical  rates, 
although  the  impact  on  United  States  exports  of  farm  pro¬ 
ducts  will  be  small  (due  to  the  comparative  cost  advantages 
of  United  States  agriculture  over  the  next  25  years). 


Table  1-2  contains  the  macroeconomic  growth  rates  as¬ 
sociated  with  the  increasing  public  sector  growth  scenario, 
b>\RGFR0OVT2003 A .  The  major  change  is  the  rapid  growth  in 
government  expenditures  as  a  percent  of  gross  national  pro¬ 
duct.  Such  growth  may  be  the  result  of  crash  synthetic 
fuels  development  programs  in  the  1980s  or  increased  de¬ 
fense/public  welfare  funding. 


The  most  visible  impact  is  the  further  lowering  of  the 
growth  rate  in  potential  gross  national  product  over  the 
forecast  period.  Since  consumption  and  investment  funds  are 
withdrawn  from  the  private  sector,  real  growth  is  lower 
since  federal  funds  often  end  up  as  being  transfers  among 
groups  in  society. 


This  projection  will  be  used  in  the  scenarios  related 
to  expanded  federal  involvement  in  the  waterways  system. 


Table  1-3  summarizes  the  growth  rates  for  key  macro- 
economic  variables  under  the  assumption  of  substantially 
higher  prices  for  imported  oil.  Instead  of  the  baseline 
assumption  related  to  energy  price  increases,  real  imported 
energy  prices  are  assumed  to  rise  by  another  1.5%  per  year 
over  baseline.  The  impacts  are  most  obvious  in  the  decline 
in  the  rate  of  growth  of  fuel  imports  as  well  as  fuel  sub¬ 
stitution  effects  within  the  energy  sector  (especially  coal 
and  nuclear  power  for  oil). 


The  higher  imported  energy  prices  contribute  signifi¬ 
cantly  to  inflation  during  the  forecast  period.  The  im¬ 
plicit  price  deflator  for  gross  national  product  is  up  over 
7%  in  2003  relative  to  the  baseline  forecast  and  real  wages 
decline  over  the  period  at  a  rate  2%  faster  than  under 
TRENDLONG2003A. 
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REPORT  OUTLINE 


The  report  is  organized  as  follows:  Sections  II  to  XV 
present  the  National  Waterways  Study  waterborne  demand  pro¬ 
jections  by  major  commodity  groups.  Each  section  contains 
an  industry  outlook  -  summarizes  the  estimated  growth  of 
industry  shipments  of  water-related  commodities  to  the  year 
2003,  a  discussion  of  the  waterborne  distribution  system  for 
the  industry  as  well  as  potential  changes  in  that  system  in 
the  future,  and  the  presentation  of  the  waterborne  demand 
projections  by  segment,  traffic  type,  and  physical  measure 
(tons,  ton-miles)  for  each  macroeconomic  scenario.  Section 
XVI  summarize'-  both  the  historical  total  commodity  flows  by 
segment  on  the  United  States  waterway  system  as  well  as  pro¬ 
jected  waterborne  demands  by  segment  for  all  commodities 
through  the  year  2003.  Section  XVII  presents  the  conclu¬ 
sions  of  the  study.  Appendix  A  contains  a  list  of  National 
Waterways  Study  reporting  and  analysis  commodities  and 
waterway  segments.  Appendix  B  summarizes  the  waterborne 
demand  projections  by  commodity,  traffic  type,  and  reporting 
segment  for  the  alternative  macroeconomic  scenarios,  Larger 
Government  and  Bad  Energy,  to  the  year  2003. 
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II 


FARM  PRODUCTS 


INDUSTRY  OUTLOOK 

Farm  products  production  and  export  forecasts  were 
generated  by  an  econometric  model  of  the  United  States 
agriculture  industry  which  simulates  the  interactions  among 
production  and  consumption  variables  including  crop  prices, 
fertilizer  prices  and  application  rates,  crop  yields, 
livestock  prices,  domestic  grain  demand,  and  foreign  grain 
demand.  Important  model  concepts  include  acres  planted, 
acres  harvested,  average  yield  and  total  production  by  eight 
regions  for  corn,  wheat,  soybeans,  grain  sorghum,  barley, 
oats,  and  cotton.  Corn,  wheat,  and  soybean  export  fore¬ 
casts  are  the  key  model  outputs  for  this  study  because  over 
90%  of  waterborne  farm  products  tonnage  consists  of  corn, 
wheat,  and  soybeans  moving  to  export  markets. 


(a)  Industry  Background 

The  most  striking  feature  of  the  agriculture  industry 
is  the  dramatic  increase  in  production  and  exports  of  corn, 
wheat,  and  soybeans.  From  1969  to  1977  production  rose  from 
7,269.9  to  10,223.5  million  bushels  and  exports  rose  from 
1,390.4  to  3,136.9  million  bushels.  Data  for  1978  and  1979 
show  even  stronger  growth:  in  1979  production  totaled 
12,173.2  million  bushels  and  exports  4,408.0  million 
bushels . 


Growth  in  foreign  demand  for  corn,  wheat,  and  soybeans 
is  creating  the  boom  in  the  agriculture  industry.  Even 
though  almost  two- thirds  of  production  is  still  consumed 
domestically,  since  1969  export  growth  has  accounted  for 
well  over  half  of  the  growth  in  production.  From  1969  to 
1977  corn  exports  rose  1,040.5  mi 1 lion ' bushels  (60%  of  the 
production  increase),  wheat  exports  rose  422.0  million 
bushels  (71%  of  the  production  increase),  and  soybean  ex¬ 
ports  rose  284.0  million  bushels  (45%  of  the  production 
increase) .  During  1978  and  1979  the  export  share  of  in¬ 
creased  production  grew  even  higher.  This  trend  of  an 
increasing  share  of  new  production  moving  to  export  markets 
is  important  for  National  Waterways  Study  because  barges 
carry  a  large  share  of  grain  shipped  to  export  markets,  but 
only  a  small  share  of  grain  shipped  to  domestic  markets. 
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(b)  National  and 
_ Regional  Forecasts 


Table  I T - 1  pre 
ture  industry  forec 
production  and  the 
increases  1.6%  per 
from  1990  to  2003, 
the  five  Corn  Belt 
in  2003.  From  1977 
bushels,  accounting 
and  by  2003,  45.7% 


sents  a  summary  of  the  baseline  agricul- 
asts.  For  all  three  major  grains  both 
percent  exported  grow.  Corn  production 
year  from  1977  to  1990  and  1.5%  per  year 
with  the  percent  of  the  crop  harvested  in 
states  rising  from  54.0%  in  1977  to  63.8% 
to  2003  exports  grow  2,750  million 
for  88.4%  of  the  growth  in  production, 
of  the  crop  will  be  exported. 


Wheat  production  rises  more  slowly,  1.4%  per  year  from 
1977  to  1990  and  .7%  from  1990  to  2003.  Production  is  less 
concentrated  regionally  than  corn  but  is  becoming  increas¬ 
ingly  concentrated:  the  six  Plains  states  that  produced 
51.2%  of  the  1977  crop  will  produce  62.6%  in  2003.  From 
1977  to  2003,  export  growth  will  actually  exceed  produc- 
duction  growth  by  123  million  bushels,  and  by  2003,  63.7%  of 
the  crop  will  be  exported. 


From  1977  to  1990  soybean  production  increases  the 
fastest  of  the  three  major  grains,  2.3%  per  year,  but  from 
1990  to  2003  the  growth  rate  drops  to  1.4%  per  year.  Corn 
nelt  production  rises  1.5%  per  year  to  1990  and  then  de¬ 
clines  slightly  as  that  region  concentrates  on  corn  pro¬ 
duction.  The  Southeast  emerges  as  a  major  soybean  producing 
area?  its  growth  in  production  accounts  for  37.5%  of  United 
States  growth  and  its  share  of  the  United  States  crop  rises 
from  12.5%  in  1977  to  22.0%  in  2003.  During  this  period 
total  United  States  soybean  production  rises  1,077  million 
bushels  while  exports  increase  by  945  million  bushels?  by 
2003  exports  aaccount  for  54.3%  of  the  crop. 


In  addition  to  the  baseline  TRENDLONG2003 A  forecasts, 
agriculture  production,  consumption,  and  export  forecasts 
were  made  for  the  alternative  macroeconomic  scenarios 
BADENERGY  and  LARGERGOVT.  The  effects  of  the  alternative 
scenarios  vary  from  crop  to  crop.  Compared  to 
TRENDLONG20G3A,  in  2003  LARGERGOVT  corn  production  is  3.3% 
higher  with  exports  9.9%  higher,  wheat  production  is  1.4% 
higher  with  exports  1.4%  higher,  and  soybean  production  is 
1.2%  higher  and  exports  9.5%  higher.  The  BADENERGY  fore¬ 
casts  show  greater  variance  from  the  baseline:  in  2003  corn 
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production  is  3.8%  lower  with  exports  4.0%  higher,  wheat 
production  is  5.9%  higher  with  exports  13.9%  lower,  and 
soybean  production  is  21.7%  lower  with  exports  21.9%  lower. 
Decreases  in  domestic  consumption  and  stock  adjustments  al¬ 
low  exports  to  rise  while  production  falls. 


(c)  Key  Industry 
_ Developments 

Cultivating  additional  cropland  causes  some  of  the 
increases  in  production  but  most  results  from  increased 
yields.  Corn  acreage  harvested  rises  from  70.9  million  in 
1977  to  77.7  million  in  2003,  wheat  acreage  from  66.5  to 
72.2  million,  and  soybean  acreage  from  57.6  to  77.9  million. 
Meanwhile  the  average  corn  yield  rises  from  91  to  121 
bushels  per  acre,  the  wheat  yield  from  31  to  42  bushels  per 
acre,  and  the  soybean  yield  from  31  to  38  bushels  per  acre. 
The  projected  32.8  million  acre  increase  in  corn,  wheat,  and 
soybean  harvests  will  come  from  increased  utilization  of 
marginal  and  set-aside  lands,  from  land  diverted  from  other 
crops,  and  from  increased  double-cropping.  Increased  yields 
are  expected  to  come  mainly  from  improved  varieties  and 
increased  fertilization,  including  wider  use  of  micro¬ 
nutrients  . 


The  agriculture  industry  model  estimates  that  new 
hybrids  and  improvements  in  farming  techniques  will  continue 
to  increase  yields  and  that  the  average  climate  in  major 
grain-producing  regions  will  not  change  for  the  worse.  The 
estimate  that  average  yields  will  increase  is  based  on  sub¬ 
stantial  improvements  in  yields  over  the  past  decade,  par¬ 
ticularly  for  corn  and  soybeans,  but  it  carries  risks.  Un¬ 
expectedly  poor  weather  can  dramatically  reduce  yields,  and 
if  expected  progress  in  developing  higher-yield  varieties 
fails  to  materialize,  less  grain  will  be  produced. 


DISTRIBUTION  SYSTEM 

Trucks,  railroads,  and  barges  all  play  major  roles  in 
grain  transportation.  Trucks  provide  mainly  short-haul  car¬ 
riage,  most  often  serving  local  domestic  markets  and  car¬ 
rying  grain  to  barge  and  unit  train  terminals.  Railroads 
have  yielded  most  short-haul  traffic  to  trucks  and  con¬ 
centrate  on  serving  export  markets  and  more  distant  domestic 
markets  like  the  Southeast  chicken-feed  market.  Barges 
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serve  rminly  export  markets,  with  over  90%  of  all  barqe 
Train  shipments  sent  to  exportinq  regions. 


(a)  Role  of  Water 
_ Transportation 


Barqe  grain  traffic  is  hiqhly  concentrated.  Six  rivers 
-  the  Illinois,  Upper  Mississippi,  Lower  Upper  Mississippi, 
Lower  Mississippi,  Ohio,  and  Columhia/Snake  -  loaded  84%  of 
total  barqe  qrain  tonnage  in  1977.  Almost  all  Columbia/ 
Snake  wheat  is  shipped  to  the  Portland  area  and  88%  of  all 
corn,  wheat,  and  soybeans  loaded  on  the  Mississippi  River 
system  in  1977  was  bound  for  the  Mew  Orleans  area.  While 
barge  shipments  to  export  markets  have  grown  rapidly,  barge 
shipments  to  domestic  markets  have  been  stable  or  declin¬ 
ing.  Corn  shipments  from  the  Illinois  to  Tennessee  River 
appear  to  have  stabilized  after  dropping  sharply  during  the 
early  1970s  as  a  result  of  increased  rail  competition. 

Barge  corn  shipments  to  other  major  domestic  markets  have 
shown  relatively  little  change,  fluctuating  between  530,000 
and  810,000  tons  from  1972  through  1977.  Barge  wheat  ship¬ 
ments  to  domestic  markets  averaged  1.3  million  tons  from 
1969  to  1977  showing  no  growth,  and  barge  soybean  shipments 
to  domestic  markets  declined  from  710,000  tons  to  520,000 
tons  between  1972  and  1977. 


(b)  Factors  Affecting 
Modal  Choice 


If  barge  grain  origin-destination  patterns  are  re¬ 
latively  straightforward,  modal  competition  patterns  are 
complex.  For  example,  elevators  in  Central  Illinois  com¬ 
monly  ship  their  corn  and  soybeans  by  truck  to  barge  ter¬ 
minals  on  the  Illinois  River  by  truck  to  local  processors, 
by  truck  to  unit  train  terminals  that  ship  to  Gulf  or 
Atlantic  ports,  by  rail  to  the  Southeast  feed  market,  and  by 
truck  to  Chicago  export  terminals.  Competition  is  not 
limited  to  mode  choice  within  corridors;  barges  compete  not 
only  with  railroads  serving  Gulf  ports  but  also  with  rail¬ 
roads  and  trucks  serving  other  export  regions  and  domestic 
markets.  The  market  share  captured  by  any  combination  of 
mode  and  destination  is  determined  by  the  relative  rates  for 
barge,  rail,  and  truck  transportation  and  by  the  strengths 
of  the  alternative  markets  as  reflected  in  their  bids. 
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The  combination  of  hids  at  alternative  markets  and 
relative  transportation  costs  generally  determine  modal 
choice.  (Railcar  availability  is  another  frequently 
mentioned  issue,  but  since  shippers  can  lease  or  purcnase 
railcars  this  issue  falls  in  the  transportation  cost 
category. )  Bids  vary  as  the  demand  for  grains  in  various 
markets  rises  and  falls,  but  in  general,  export  elevators 
set  prices  and  inland  terminal  elevators  respond  with  bids 
reflecting  export  elevator  bids,  the  cost  of  shipping  to  the 
export  elevator,  handling  costs,  and  profits.  Domestic 
feedlots  and  processors  have  relatively  inelastic  demand  for 
grain  and  offer  bids  high  enough  to  draw  the  desired 
quantities . 


Barge  rates,  because  they  are  unregulated,  can  respond 
quickly  to  changes  in  demand.  This  enables  barge  operators 
to  charge  premium  rates  during  peak  demand  periods  and  to 
maintain  high  levels  of  utilization  during  low  demand  peri¬ 
ods.  Rail  rates  are  regulated  and  cannot  respond  to  demand 
f 1 uctuat ions .  As  a  consequence,  railroads  cannot  meet  the 
shipper  demand  for  cars  during  peak  periods  and  suffer  sub¬ 
stantial  traffic  losses  when  demand  falls.  Intra-state 
truck  grain  rates  are  regulated  in  21  states  but  enforcement 
of  regulation  is  often  neglected. 


A  hypothetical  example  can  best  illustrate  the  inter¬ 
actions  among  elevator  bids,  transportation  costs,  and  mode 
choice.  Consider  an  area  100  miles  wide  stretching  from  a 
waterway  barge  terminal  to  an  inland  rail  terminal.  Both 
terminals  ship  to  Gulf  ports  where  the  export  price  for  corn 
is  $3 .00/bushel .  The  barge  rate  to  the  Gulf  is  $. 30/bushel 
and  the  rail  rate  $. 33/bushel,  so  the  barge  terminal  can  of¬ 
fer  a  bid  $.03  higher  than  the  rail  terminal  and  maintain  an 
equal  margin  for  handling  and  profit.  If  the  local  truck 
rate  is  $. 05/bushel  for  the  first  ten  mile  block  and  $.01 
for  every  additional  block,  the  $.03  premium  will  cover  the 
cost  of  trucking  grain  an  additional  30  miles.  Country  ele¬ 
vators  up  to  65  miles  away  from  the  river  will  find  it  more 
profitable  to  sell  to  the  barge  terminal,  while  elevators 
further  from  the  river  will  ship  to  the  rail  terminal.  If 
increased  demand  causes  the  Gulf  bid  to  rise  $. 03/bushel  and 
a  resulting  increase  in  demand  for  grain  transportation 
causes  the  barge  rate  to  rise  $. 03/bushel,  the  rail  elevator 
will  be  able  to  offer  a  bid  equal  to  the  barge  terminal  bid 
because  regulations  keep  rail  rates  from  rising.  The  barge 
terminal  drawing  area  then  shrinks  from  65  to  50  miles  and 
the  rail  drawing  area  increases  correspondingly. 
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(c)  Distribution  System 
Developments 


The  grain  distribution  system  has  undergone  several 
major  developments  during  the  past  decade.  Most  striking  is 
the  growth  of  unit  train  service,  accompanied  by  investment 
in  unit  train  loading  equipment  at  many  terminals  and  the 
replacement  of  most  grain-hauling  boxcars  with  100-ton  cov¬ 
ered  hoppers.  A  second  development  is  the  -<  ased  use  of 
floating  grain  loaders  which  transfer  gra  .  i,  Kiectly  from 
barges  to  ocean-going  vessels.  These  floe  inc  loaders  have 
reduced  the  pressure  to  construct  additional  export  elevator 
capacity,  an  investment  which  many  firms  have  been  reluctant 
to  make  because  export  elevators  traditionally  operate  on  a 
very  small  margin. 

Rising  fuel  prices  also  affect  grain  transportation. 
Rising  truck  costs  generally  favor  rail  over  barge  because 
rail  terminals  are  more  dispersed  geographically,  making  the 
truck  haul  to  rail  terminals  shorter  on  average  than  the 
truck  haul  to  barge  terminals.  Barge  costs  are  influenced 
more  strongly  by  fuel  price  increases  than  rail  costs  be¬ 
cause  fuel  costs  are  a  larger  percentage  of  total  barge 
costs.  Rising  bunker  fuel  prices  have  also  increased  the 
pressure  to  reduce  ocean  shipping  distances;  this  is  most 
evident  in  the  increasing  share  of  shipments  to  the  Far  Fast 
being  loaded  at  Pacific  ports. 


These  factors  indicate  that  rising  fuel  costs  tend  to 
improve  the  competitive  position  of  rail  against  barge,  but 
rising  labor  and  capital  costs  offset  the  rail  fuel  cost 
advantage.  Railroads,  with  their  low  return  on  investment 
and  need  for  additional  capital,  are  likely  to  raise  their 
rates  rather  than  attempting  to  gain  market  share  by  keeping 
rates  low.  Unit  train  service  will  continue  to  grow,  but  at 
roughly  the  same  rate  as  export  growth.  As  a  consequence, 
rail  and  barge  market  shares  will  remain  ralatively  con¬ 
stant. 


The  risk  that  the  grain  distribution  system  will  under¬ 
go  major  change  appears  slight.  Under  deregulation  rail¬ 
roads  will  have  increased  rate-making  freedom  and  they  may 
decide  that  pricing  to  decrease  their  market  share  will  max¬ 
imize  profits.  Continued  federal  intervention  in  interna¬ 
tional  grain  marketing  may  also  alter  grain  flows.  However, 
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the  grain  distribution  system  is  shaped  by  strong  and 
relatively  stable  economic  forces,  and  changes  in  the  system 
over  the  next  25  years  are  likely  to  be  small. 


WATERBORNE  DEMAND 
PROJECTIONS 


The  model  which  produces  waterborne  demand  projections 
for  corn,  wheat,  and  soybeans  takes  the  export  forecasts 
generated  by  the  agriculture  industry  model,  determines  the 
waterborne  share,  and  allocated  shares  of  total  waterborne 
exports  to  the  Gulf,  Atlantic,  Great  bakes,  and  Pacific 
Coasts  on  the  basis  of  past  trends  and  projected  changes  in 
the  grain  industry.  Export  shipments  from  each  coastal  re¬ 
gion  are  shared  among  the  analysis  segments  within  each  re¬ 
gion  primarily  on  the  basis  of  historical  shares,  although 
these  shares  are  modified  in  several  instances  because  of 
specific  industry  information.  Shipments  from  river  seg¬ 
ments  to  exporting  regions  grow  in  proportion  to  exports; 
shipments  to  domestic  markets  are  held  constant  at  1977 
levels  after  study  of  trends  and  market  forces. 


A  separate  procedure  was  used  to  generate  projections 
for  farm  products  other  than  corn,  wheat,  and  soybeans.  Ex¬ 
ports  of  sorghum,  oats,  rice,  flaxseed,  cotton,  and  leaf 
tobacco  were  generated  by  the  agriculture  industry  model 
while  exports  of  the  "all  other"  category  were  forecast  us¬ 
ing  the  relationship  between  "all  other"  and  the  constant 
dollar  food,  feed,  and  average  export  forecasts  generated  by 
the  macroeconomic  model.  Imports  of  bananas,  fresh  fruits,  I 

and  tree  nuts  follow  United  States  population  trends  because 
per  capital  consumption  appears  stable,  and  coffee  imports 
are  projected  to  remain  relatively  stable.  Domestic  traffic 
for  farm  products  other  than  corn,  wheat,  and  soybeans  is 
determined  by  the  past  relationship  between  domestic  and  ] 

foreign  traffic  or  held  constant.  j 

( 

(a)  Summary 

Barge  shipments  of  farm  products  are  concentrated  on 
six  rivers:  the  Upper  Mississippi,  Lower  Upper  Mississippi, 

Lower  Mississippi,  Illinois,  Ohio,  and  Columbia/Snake.  Be¬ 
tween  1977  and  1990,  average  yearly  growth  on  these  rivers 
ranges  from  4.3%  on  the  Upper  Mississippi  to  2.0%  on  the  Il¬ 
linois;  between  1990  and  2003,  growth  ranges  from  3.3%  on 


the  Illinois  to  1.6%  on  the  Columbia/Snake.  Corn,  wheat, 
and  soybean  shipments  account  for  almost  all  growth.  Al¬ 
though  "other  farm  products"  shipments  grow  from  2.2%  to 
3.6%  per  year,  tonnage  of  these  products  remains  relatively 
small.  "Other  farm  products"  shipments  on  the  Lower  Mis¬ 
sissippi,  the  major  inland  shipper  of  these  products,  con¬ 
stitute  only  5.9%  of  that  segment's  total  farm  products 
shipments  in  2003. 


Major  growth  in  receipts  is  limited  to  three  segments: 
Baton  Rouge  to  Gulf,  the  Warrior  System,  and  the  Columbia/ 
Snake.  Almost  all  receipts  at  Baton  Rouge  to  Gulf  are  corn, 
wheat,  and  soybeans  and  grow  steadily  at  3.2%  per  year. 
Warrior  System  receipts  are  mainly  soybean  receipts  at 
Mobile;  total  receipts  grow  6.1%  per  year  from  1977  to  1990 
and  2.8%  per  year  from  1990  to  2003.  Col umbia/Snake  re¬ 
ceipts  are  almost  entirely  wheat  receipts  in  the  Portland- 
Longview  regions;  total  receipts  grow  4.2%  per  year  from 
] 977  to  1990  and  1.6%  from  1990  to  2003. 


(b)  Major  Market  Shifts 


The  farm  products  demand  projections  reflect  two  major 
market  shifts.  First,  the  developpment  of  unit  train  serv¬ 
ice  from  Nebraska  and  western  Iowa  to  Washington  and 
California  export  regions  has  caused  dramatic  growth  in  corn 
exports  from  the  Pacific  Coast.  This,  in  turn,  has  caused 
changes  in  Pacific  Coast  wheat  exporting  patterns.  Tacoma 
has  emerged  as  a  major  corn-exporting  region  and  wheat  that 
used  to  flow  through  Tacoma  is  being  diverted  to  other 
Pacific  Coast  ports.  Second,  the  Southeast  is  expected  to 
become  a  major  soybean  producing  region  as  the  Corn  Belt 
concentrates  increasingly  on  producing  corn.  As  a  result, 
shipments  on  the  Warrior  River  System  are  projected  to  grow 
7.5%  per  year  from  1977  to  1990  as  Mobile  develops  into  a 
major  soybean  exporting  center,  and  growth  on  the  Warrior 
from  1990  to  2003  will  be  exceeded  or  matched  by  only  two 
rivers,  the  Illinois  and  the  Ohio. 


These  two  shifts  are  expected  to  have  relatively  small 
modal  impacts.  Whether  moving  to  the  Pacific  or  the  Gulf 
Coast,  corn  from  Nebraska  and  western  Iowa  is  shipped  pre¬ 
dominantly  by  rail  because  of  high  barge  costs  on  the  Mis¬ 
souri.  The  modal  impact  of  increased  soybean  production  and 
exports  in  the  Southeast  is  less  straightforward  because 
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historical  trends  are  not  good  indicators  of  the  impacts  of 
a  major  production  shift,  but  industry  interviews  suggest 
that  barge  and  rail  will  share  equally  in  traffic  growth  in 
this  region. 


(c)  Waterborne  Flow 
_ Changes 


Virtually  all  the  growth  in  domestic  farm  products 
traffic  is  a  result  of  growth  in  the  export  market  for  corn, 
wheat,  and  soybeans.  Shipments  of  corn,  wheat,  and  soybeans 
to  domestic  markets  are  projected  to  remain  constant,  and 
shipments  of  "other  farm  products"  account  for  relatively 
little  tonnage.  Table  1 1-2  presents  domestic  shipments  and 
receipts  for  all  reporting  segments,  and  Table  II-3  presents 
the  segment  loadings  for  the  Mississippi  River  System  and 
Great  Lakes.  The  largest  growth  in  domestic  shipments  oc¬ 
curs  on  the  Upper  Mississippi  which  ships  an  additional  18.2 
million  tons  of  farm  products  in  2003,  followed  by  the  Il¬ 
linois  which  ships  an  additional  14.3  million  tons.  Since 
most  river  shipments  are  bound  for  the  Baton  Rouge  to  Gulf 
region,  the  segment  loadings  increase  more  as  you  move 
downstream.  Projected  ton-miles,  shown  in  Table  II-4,  also 
reflect  this  shipment  pattern.  Growth  is  greatest  on  the 
Lower  Mississippi,  where  ton-miles  of  farm  products  increase 
from  25.6  billion  in  1977  to  57.5  billion  in  2003,  because 
most  shipment  from  upstream  segments  pass  through  the  Lower 
Mississippi  on  their  way  to  the  Baton  Rouge  to  Gulf  area. 
Domestic  coastwise  and  lakewise  traffic  and  domestic  ton- 
miles  on  the  Great  Lakes  show  little  growth  because  most 
activity  on  the  coasts  and  lakes  is  in  foreign  trade. 


Table  II-5  presents  the  foreign  trade  projections;  all 
major  growth  is  in  exports.  Shipments  from  the  Baton  Rouge- 
Gulf  region  increase  by  53.1  million  tons,  and  that  region 
continues  to  handle  the  largest  share  of  exports.  The 
Washington/Oregon  Coast,  California  Coast,  and  Warrior  Sys¬ 
tem  show  exceptionally  strong  growth  from  1977  to  1990  as  a 
result  of  the  markets  shifts  mentioned  previously.  The 
Illinois  River  (Chicago  region)  and  other  Great  Lakes  also 
show  strong  growth  but  much  of  this  growth  occurs  between 
1977  and  1980  and  reflects  an  unusually  poor  base  year. 
Middle  Atlantic  Coast  exports  grow  fairly  steadily  from  3.1% 
to  3.4%  per  year;  but  after  strong  growth  from  1977  to  1980, 
exports  from  the  Gulf  Coast  West  and  Columbia/Snake  grow 
slowly  as  a  result  of  slow  growth  in  the  world  wheat 
market . 
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METALLIC  ORES 


INDUSTRY  OUTLOOK 


United  States  metallic  ore  requirements  and  supplies 
are  forecast  in  their  major  component  parts  for  the  National 
Waterway  Study.  Iron  ore  demand  -  by  far  the  largest  com¬ 
ponent  -  is  related  to  blast  furnace  and  steel  furnace  pro¬ 
duction.  Raw  steel  production  is,  in  turn,  related  to  the 
finishing  and  shipment  of  mill  products,  which  are  based  on 
activity  measures  for  21  specific  end-markets  as  well  as  re¬ 
lative  domestic  and  foreign  prices.  Relative  production 
costs  determine  steel  furnace  mix,  and  the  level  of  pro¬ 
duction  and  technology  mix  in  each  region  determine  that  re¬ 
gion's  iron  ore  requirements.  Iron  ore  receipts  by  source 
are  related  to  the  costs  of  domestic  versus  foreign  ore  as 
well  as  the  location  of  the  receiving  facility. 


The  demand  for  aluminum  ores  and  concentrates  is  re¬ 
lated  to  aluminum  production  in  the  United  States,  taking 
into  account  such  factors  as  secondary  recovery  of  aluminum 
from  scrap  and  the  increasing  share  of  alumina  versus  baux¬ 
ite  in  the  large  imported  volume  -  a  trend  which  reduces  the 
transportation  demand  associated  with  any  given  level  of 
metallic  content. 


The  demand  for  the  relatively  minor  other  ores  (man¬ 
ganese,  chromium,  etc.),  which  are  nearly  entirely  import- 
oriented,  is  related  to  production  activity  in  the  metals 
industry . 


(a)  Industry  Background 

1.  Iron  Ore.  Iron  ore  enters  the  steel  pro¬ 
duction  process  as  an  input  to  the  blast  furnace  for  the 
production  of  pig  iron  -  an  intermediate  step  on  the  way  to 
raw  steel  -  and,  to  a  lesser  extent,  as  a  direct  input  to 
the  steel  furnace.  In  1977,  119.4  million  short  tons  of 
iron  ore  and  agglomerates  were  consumed  at  United  States 
iron  and  steel  plants  in  the  production  of  81.3  million 
short  tons  of  pig  iron  and  125.3  million  short  tons  of  raw 
steel.  Iron  ore  consumption  is  obviously  closely  related  to 
the  strength  of  domestic  steel  production,  but  the  iron  ore 
input  per  ton  of  raw  steel  produced  has  fallen  from  about 


1.05  short  tons  in  the  mid-1960s  to  .96  in  1977  (and  .94  in 
1978).  This  decline  is  due  to  two  key  factors;  a  shift  away 
from  ore-intensive  technologies  and  toward  scrap-intensive 
electric  furnaces,  and  a  trend  toward  shipment  of  more  con¬ 
centrated  ore  from  mines.  Thus,  scrap-based  electric 
furnaces  accounted  for  22%  of  United  States  raw  steel  pro¬ 
duction  in  1977  (25%  in  1979)  up  from  10%  in  1965. 

Another  recent  development  which  has  major  im¬ 
plications  for  the  future  of  the  iron  ore  industry  is  the 
direct  reduction  of  iron  ore  for  use  in  electric  furnaces  as 
a  replacement  for  scarce  and  expensive  iron  and  steel  scrap. 
Although  this  technology  is  currently  operational  at  only  a 
few  facilities,  it  is  being  studied  and  tested  by  nearly  all 
major  producers  and  is  likely  to  provide  the  basis  for  steel 
expansion  for  the  remainder  of  the  century. 

The  regional  distribution  of  raw  steel  production 
has  been  changing  over  the  last  decade,  with  older  producing 
areas  such  as  Ruffalo  (down  from  4.3%  of  United  States  pro¬ 
duction  in  1970  to  2.88%  in  1979)  and  the  Northeast  Coast 
( down  from  13.7%  to  10.8%)  losing  market  share,  and  others 
such  as  Chicago  (up  from  21.7%  to  25.5%)  and  Detroit  (up 
from  7.3%  to  8.3%)  showing  gains.  This  migration  is  also 
reflected  in  the  distribution  of  regional  iron  ore  consump¬ 
tion.  Thus,  while  Illinois  and  Indiana  accounted  for  21.8% 
of  ore  consumption  in  1967,  steel  production  in  those  states 
used  27.1%  of  United  States  ore  consumption  in  1979.  The 
Mideast  -  consisting  of  New  York,  Pennsylvania,  and  Ohio  - 
on  the  other  hand,  accounted  for  only  39.6%  of  total  ore 
consumption  in  1979,  down  from  46.2%  in  1967.  Iron  ore 
sources  have  also  been  changing  over  time.  The  import  share 
slipped  from  35.8%  in  1971  to  29.7%  in  1979,  with  most  of 
the  decline  representing  overseas,  as  opposed  to  Canadian 
ore.  While  Canadian  Great  Lakes  sources  also  lost  market 
share  in  the  United  States,  the  share  of  Eastern  Canadian 
ore  increased  from  13%-14%  in  the  early  1970s  to  16%-17%  at 
the  end  of  the  decade.  Ore  from  the  United  States  Northeast 
and  South  has  declined  from  6%  of  United  States  consumption 
in  197]  to  1%  in  1979,  while  the  United  States  Lake  Superior 
region  has  increased  its  market  share  from  55%  to  62%  over 
the  same  period. 

2.  Non-Ferrous  Ores.  Aluminum  ores  and  concen¬ 
trates  consist  primarily  of  bauxite  (crude  aluminum  ore)  and 
alumina  (concentrated  from  bauxite).  The  chief  use  of  baux¬ 
ite  in  the  United  States  is  in  the  production  of  alumina  for 
input  into  the  production  of  aluminum  metal.  Less  than  10% 
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of  bauxite  goes  into  other  industries  particularly 
abrasives,  chemicals,  and  refractories.  In  1977,  14.3  mil¬ 

lion  long  tons  of  bauxite  were  consumed  in  the  United 
States,  with  imports  supplying  89.5%  or  12.8  million  long 
tons.  Thirteen  and  one-third  million  long  tons  of  bauxite 
(93%  of  total  consumption)  were  required  in  1977  to  produce 
8.7  million  short  tons  of  alumina,  which  was  supplemented  by 
an  additional  4.1  million  tons  of  imported  alumina. 

In  recent  years,  domestic  production  and  imports 
of  bauxite  have  been  steady,  with  increases  in  demand 
satisfied  by  growing  alumina  imports.  Thus,  while  bauxite 
production  and  imports  amounted  to  1.98  and  12.8  million 
long  tons  respectively  in  1977,  compared  to  1.99  and  12.3 
million  tons  in  1971,  alumina  imports  increased  from  2.4 
million  short  tons  to  4.1  million  short  tons  between  1971 
and  1977. 

Other  ores  are  subject  to  similar  phenomena,  with 
a  trend  toward  more  concentrated  commodities  such  as  ferro¬ 
manganese  and  other  ferroalloys  substituting  for  crude  ores 
in  the  import  and  transportat ion  base.  In  contrast  to  the 
case  of  aluminum  ores,  for  which  the  concentrated  form  of 
the  material  is  in  the  same  commodity  grouping  as  the  crude 
form,  ferroalloys  are  classified  as  primary  metals  as  op¬ 
posed  to  metallic  ores  and,  therefore,  are  treated  else¬ 
where  in  this  report. 

(b)  National  and  Regional 

Forecasts _ 

1 .  Iron  Ore.  Raw  steel  production  is  projected 
to  grow  from  136.7  million  net  tons  in  1978  to  206.4  million 
tons  in  2003.  This  is  an  increase  of  69.7  million  tons,  or 
51%.  The  implied  average  annual  growth  rate  over  the  25 
year  period  is  1.7%.  Growth  is  less  if  measured  from  the 
previous  1973  peak  of  150.4  million  tons.  From  that  peak, 
the  increment  to  2003  is  56  million  tons  or  37%. 

Raw  steel  capacity  is  projected  to  expand  from  173 
million  tons  in  1978  to  225  million  tons  in  2003,  to  support 
the  growth  in  production.  This  is  an  increase  of  52  million 
tons,  or  30%.  This  rise  in  capacity  is  assumed  to  come  from 
round-out  rather  than  greenfield  expansion,  and  is  expected 
to  include  more  continuous  casting,  new  vessels  at  basic 
oxygen  furnace  shops,  use  of  direct  reduced  iron  as  a  sup¬ 
plemental  blast  furnace  feed,  and  other  measures  designed  to 
increase  productivity. 

56 


Basic  oxygen  furnace  output  is  projected  to 
increase  from  83.5  million  tons  in  1978  to  112.9  million 
tons  in  2003.  This  is  an  increase  of  29.4  million  tons,  or 
35%.  As  a  result,  the  basic  oxygen  furnace  share  in  total 
steel  output  drops  from  61%  in  1978  to  54.7%  in  2003.  The 
share  is  temporarily  higher,  at  66%  in  1980-1982  period,  due 
to  low  total  steel  production  and  a  disproportionate  drop  in 
open  hearth  output.  The  major  factor  in  the  longer-term 
slowdown  of  basic  oxygen  furnace  capacity  expansion  and  its 
declining  share  of  total  steel  production  is  its  high  capi¬ 
tal  cost  relative  to  that  of  electric  furnaces.  Electric 
furnace  output  is  projected  to  increase  from  nearly  32  mil¬ 
lion  tons  in  1978  to  87.3  million  tons  in  2003.  This  is  an 
increase  of  55.3  million  tons,  or  174%.  As  a  result,  the 
electric  furnace  share  of  total  rises  from  23.4%  in  1978  to 
42.3%  in  2003.  Finally,  open  hearth  furnace  output  is  pro¬ 
jected  to  decrease  from  21.3  million  tons  in  1978  to  the 
10.5-13.6  million  ton  range  in  the  sluggish  environment  of 
1980-1982,  then  to  increase  to  nearly  15  million  tons  in  the 
strong  growth  period  through  1986.  Thereafter,  these  more 
costly  furnaces  are  gradually  replaced  by  electric  furnaces. 
Open  hearth  output  is  projected  to  drop  steadily  to  6.2 
million  tons  by  2003.  As  a  result,  the  open  hearth  share  of 
total  drops  from  15.6%  in  1978  to  3.0%  in  2003. 

Although  raw  steel  production  is  projected  to  grow 
in  all  producing  areas  over  the  forecast  period,  rates  of 
growth  will  vary  among  regions  (Table  1 1 1  —  1 )  .  Changing 
furnace  mix  by  region  and  installation  of  direct-reduction 
facilities  introduce  another  variant  in  growth  rates  for  re¬ 
gional  iron  ore  consumption.  While  steel  production  in  the 
South  grows  at  a  compound  rate  of  2.2%  per  year  between  1977 
and  2003,  at  the  other  extreme,  iron  ore  requirements  grow 
at  4.1%  per  year. 

Changing  regional  demands  also  lead  to  a  slow 
shift  in  iron  ore  sources  over  the  forecast  period,  with  the 
import  share  rising  from  29.7%  in  1979  (34.4%  in  1977)  to 
32.4%  in  2003.  This  increase  reflects  the  rapid  growth  of 
ore  requirements  in  the  South  over  the  forecast  period, 
coupled  with  the  flatness  of  that  region's  iron  ore  pro¬ 
duction.  The  market  share  of  the  United  States  Lake 
Superior  region  declines  from  62%  to  59%  by  the  end  of  the 
forecast  period,  primarily  due  to  slower  growth  of  demand  in 
regions  consuming  that  ore. 
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Ore  consumption  is  lower  under  both  macroeconomic 
alternatives  than  under  the  TRFNDFONG  alternative  described 
above .  Under  the  FARGFRGOVT  case,  iron  ore  consumption  in 
2003  is  1B4.8  million  gross  tons  -  compared  to  199.0  million 
under  TRFNDbONG2003  -  while  190.7  million  gross  tons  are  re¬ 
quired  in  that  year  under  the  BADFNFRGY  alternative.  Im¬ 
ports,  on  the  other  hand,  are  69.6,  60.2,  and  63.0  million 
tons  in  2003  under  TRFNDI.ONG ,  FARGFRGOVT,  and  BADFNFRGY,  re¬ 
spect  i ve 1 y . 


2.  Non-Ferrous  Ores.  Imports  of  bauxite  and 
alumina  are  projected  to  grow  from  16.5  million  short  tons 
in  1977  to  28.9  million  tons  in  2003,  as  domestic  bauxite 
mining  remains  flat  and  the  fraction  of  metal  derived  from 
scrap  stabilizes.  This  increase  is  somewhat  slower  than  the 
increase  in  demand  for  imported  metallic  content  because  it 
is  estimated  that  the  share  of  requirements  imported  as 
alumina,  as  opposed  to  less  concentrated  bauxite,  will  in¬ 
crease  from  36.2%  in  1977  to  45%  by  2003. 


(c)  Key  Industry 
_ Developments 


A  key  assumption  behind  National  Waterway  Study  steel 
industry  projections  is  that  domestic  steel  procedures  will 
be  able  to  retain  historic  market  shares  of  United  States 
steel  mill  product  consumption  (85%),  up  from  the  depressed 
levels  of  1978  (82%).  While  the  domestic  market  share  in¬ 
creased  to  84.5%  in  1979,  the  real  test  will  come  when  de¬ 
mand  heats  up  later  in  the  1980s.  As  increased  import  share 
would  mean  less  United  States  raw  steel  production  and  lower 
iron  ore  consumption.  This  assumption  is  based  on  the  ex¬ 
pectation  that  excess  capacity  of  foreign  producers  will  be 
reduced  by  growth  in  demand  overseas  and  that  funds  for 
United  States  capacity  expansion  will  be  available  from 
sources  other  than  increased  product  prices,  which  would 
encourage  imports.  Changes  in  tax  laws  governing  deprecia¬ 
tion  are  one  important  possibility.  Alternative  steel  in¬ 
dustry  projections  for  cases  in  which  import  market  shares 
are  not  restrained  by  these  factors  have  also  been  developed 
for  inclusion  in  alternative  National  Waterway  Study 
scenarios . 


A  second  key  factor  in  the  steel  industry  projections 
relates  to  an  estimate  that  direct  reduced  (DR)  iron  will 
fill  the  gap  between  scrap  supply  and  demand  at  a  price  of 
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$110  per  ton,  the  current  estimated  cost  of  direct  reduced 
iron.  An  alternate  case  in  which  the  cost  of  dir'ect  reduced 
iron  turns  out  to  $130  per  ton  has  also  been  developed  for 
inclusion  in  alternate  National  Waterway  Study  scenarios. 

In  this  case,  scrap  inputs  to  the  United  States  steel  indus¬ 
try  are  higher  than  described  above,  and  iron  ore  demand 
correspondingly  lower. 


DISTRIBUTION  SYSTEMS 

(a)  Role  of  Water 

Transportation 

1.  Iron  Ore.  Iron  ore  is  the  most  heavily  water- 
oriented  of  all  the  steel  industry  raw  materials  and  pro¬ 
ducts,  although  only  a  small  fraction  of  this  commodity 
moves  on  the  inland  waterways.  Ores  from  the  United  States 
and  Canadian  Great  Lakes  ore- producing  regions  more  pre¬ 
dominately  by  Lakes  bulker  from  the  mining  region  to  lower 
Lakes  ports  where  they  are  consumed  at  lakefront  plants  or 
transhipped  by  rail  or  truck  to  steel  plants  in  the  inter¬ 
ior.  Great  Lakes  ore  provides  the  overwhelming  share  of  ore 
consumed  in  the  Great  Lakes  and  Ohio  River  Valley  steel  re¬ 
gions,  but  seldom  moves  south  of  the  Ohio  River  or  west  of 
the  Mississippi  River.  Ore  from  the  other  domestic  mining 
districts  moves  by  rail  and  is  not  realistically  water- 
competitive. 

About  two-thirds  of  Eastern  Canadian  iron  ore 
enters  the  Great  Lakes  via  the  Saint  Lawrence  Seaway  and 
serves  the  same  consuming  area  as  the  Lake  Superior  ore. 

The  remainder  of  the  Eastern  Canadian  ore  as  well  as  nearly 
all  of  the  overseas  foreign  ores  enter  the  United  States  at 
coastal  ports.  Ore  imported  at  coastal  ports  is  generally 
consumed  within  the  port  area,  either  at  waterfront  fac¬ 
ilities  or  after  a  short  rail  movement  inland  (e.g.,  50 
miles  from  Philadelphia  to  Bethlehem,  Pennsylvania).  There 
are  several  exceptions  to  the  pattern,  however.  First,  4-5 
million  tons  of  ore  per  year  move  from  Eastern  Pennsylvania 
and  Maryland  to  the  Western  Pennsylvania  and  Ohio  River 
Valley,  with  very  small  amounts  occasionally  going  as  far  as 
Chicago.  As  much  as  half  of  this  may  historically  have  been 
from  the  now  defunct  iron  ore  mines  in  Eastern  Pennsylvania. 
The  remainder  is  import  ore.  Secondly,  the  ore  imported  at 
Wilmington,  North  Carolina  moves  down  the  Atlantic  Intra¬ 
coastal  Waterway  to  Georgetown,  South  Carolina  for  the  steel 


facilities  there.  Thirl,  Alabama  iron  and  steel  production 
takes  place  in  the  Birmi ngham-Gasden  belt,  near  metallurgi¬ 
cal  coat  sources,  and  thus  import  ore  requires  transporta¬ 
tion  300-400  miles  beyond  the  Mobile  port  area.  The  inland 
movement  is  by  barge  or  rail  depending  on  the  receiving 
plant.  Finally,  less  than  1  million  tons  of  specialty  ore 
is  imported  at  Baton  Rouge  for  movement  by  barge  to  inland 
plants  -  particularly  in  the  Ohio  River  Valley. 

2.  Non-Ferrous  Ores.  Given  the  dominance  of 
foreign  sources  for  most  major  non-ferrous  ores  (except 
copper),  the  principal  role  of  waterborne  transportation  for 
this  commodity  is  as  a  mode  of  import  (18.5-22.5  million 
short  tons  per  year  from  1969-1977).  Due  to  the  trans¬ 
portation  cost  savings  involved,  a  large  fraction  of  the 
imported  ore  is  processed  in  port,  reducing  its  bulk  (baux¬ 
ite  to  alumina  and  possibly  to  aluminum  metal)  and/or  chang¬ 
ing  its  identity  (manganese  to  ferromanganese).  About 
10%-12%  of  non-ferrous  ore  imports  are  further  distributed 
by  water,  with  about  75%  of  the  domestic  traffic  moving  from 
Lower  Mississippi  River  ports  to  inland  river  destinations 
(especially  in  the  Ohio  River  area),  and  a  smaller  amount  up 
the  Warrior  River  from  Mobile. 


(b)  Factors  Affecting 
_ Modal  Choice _ 

Modal  choice  is  almost  entirely  cost-based  for  metallic 
ores,  with  the  current  modal  choice  for  any  given  market 
pattern  tending  to  dominate  alternatives  by  a  relatively 
wide  margin  even  when  additional  water-related  stockpiling 
and  transfer  costs  are  included.  Modal  compl imentarity  in 
moving  ore  from  mine  to  plant  (e.g.,  rail  from  mine  to  Lake 
Superior  dock,  vessel  to  Lake  Brie,  and  rail  to  Pittsburgh) 
is  much  more  common  than  effective  modal  competition. 

Ore  transportation  requirements  in  the  future  will  de¬ 
pend  on  the  magnitude,  location,  and  technology  of  steel 
production,  but  the  manner  in  which  each  region  obtains  its 
ore  will  be  reasonably  stable  over  the  next  20-30  years. 
Changing  relative  modal  rates  could  have  an  impact  on  the 
share  of  imported  iron  ore  which  will  move  up  by  barge  from 
the  Gulf  as  opposed  to  moving  West  from  the  Atlantic  by 
rail,  but  such  ore  will  continue  to  be  a  minor  source  of  ore 
for  the  Ohio  River  Valley  in  either  case.  Currently,  rail 
from  the  Atlantic  Coast  appears  to  be  competitive  with  barge 


for  movements  into  the  Pittsburgh  area,  with  modal  choice 
dependent  on  factors  such  as  the  location  of  the  sintering 
planting  in  the  Pittsburgh  area,  the  existence  of  corporate 
ore  transfer  facilities  on  the  East  Coast,  etc.  Barge  de¬ 
livery  dominates  in  the  Cincinnati  area,  on  the  other  hand, 
due  to  lonqer  lengths  of  haul  for  rail,  and  shorter  ones  for 
barge.  Warrior  River  ore  will  grow  with  steel  production  in 
the  Birmingham  area,  but  at  a  slower  relative  rate  than  dur¬ 
ing  the  past  nine  years,  when  the  barge  share  of  Mobile 
imports  -  most  of  the  supply  for  the  Alabama  area  -  grew 
from  39%  to  82%.  An  increased  barge  share  of  this  traffic 
in  the  future  would  probably  require  the  completing  of  the 
Coosa  River  extension  to  Gadsden.  A  significant  decrease  in 
share  is  also  unlikely,  barring  a  shutdown  of  the  river. 
Although  rail  and  barge  rates  from  Mobile  to  Birmingham  are 
roughly  competitive  because  of  the  additional  rail  move  re¬ 
quired  to  get  from  the  river  at  Port  Birmingham  into  the 
steel  mills,  one  producer,  which  receives  all  of  the  barge 
ore,  has  ownership  interests  in  the  entire  ore  procurement 
system  from  foreign  mine  to  plant  (including  a  barge  line 
and  railroad),  and  is  unlikely  to  relinquish  control  over  a 
link  in  that  chain  for  a  small  dollar  saving. 


(c)  Distribution  System 
_ Developments _ 

As  noted  above,  no  major  changes  in  modal  choice  for 
metallic  ore  distribution  are  expected  during  our  forecast 
period.  The  South,  for  example,  will  increase  its  import 
dependence,  but  modal  patterns  of  foreign  and  domestic  ores 
to  plants  in  the  South  will  be  relatively  stable. 

The  National  Waterway  Study  waterborne  demand  pro¬ 
jections  for  iron  ore  are  based  on  the  development  of  anti¬ 
cipated  direct  reduced  furnaces  at  ore  consuming  plants, 
with  ore  moving  from  mine  and  import  port  in  the  same  form 
as  at  present.  This  is  consistent  with  problems  concerning 
the  integrity  of  direct  reduced  iron  during  storage  or 
long-distance  transportation.  If,  on  the  other  hand,  direct 
reduced  capacity  were  developed  at  mine  site  or  port  of  im¬ 
port,  a  42%  reduction  in  the  tonnage  to  be  shipped  would  be 
realized  for  ore  going  into  the  direct  reduced  process.  This 
would  directly  impact  the  waterborne  demand  projections  de¬ 
scribed  below.  While  this  contingency  is  not  currently 
anticipated,  its  occurrence  is  most  likely  for  import  ore, 
with  reduction  taking  place  overseas  or  at  the  United  States 
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Gulf  based  on  cheap  natural  qas  sources.  Coal -based  re¬ 
duction,  which  is  most  probably  for  domestic  ore,  is  more 
likely  to  occur  at  ore  consuminq  plants  in  the  vicinity  of 
metallurgical  coal  supplies. 

Season  extension  on  the  Great  Lakes  could  also  impact 
ore  distribution  systems  in  t'he  future  by  potentially  re¬ 
ducing  the  costs  of  Lakes  ore  transportation  and  expanding 
the  capacity  of  future  possible  constraint  points  on  the 
Lakes.  This  could  have  the  effect  of  improving  the  market 
position  of  domestic  Lake  Superior  ore,  particularly  if  sea- 
scon  extension  did  not  include  the  Saint  Lawrence  Seaway. 

WATERBORNE  DEMAND 
PROJECTIONS 

The  demand  for  waterborne  transportation  of  metallic 
ores  is  built  up  from  separate  forecasts  of  iron  ore  and 
non-ferrous  ores.  Iron  ore  flows  are  projected  based  on  the 
growth  of  consumption  for  each  steel  producing  region  and 
the  market  share  of  each  of  seven  ore  producing  areas  (four 
domestic  and  three  foreign)  in  the  consumption  of  each  re¬ 
gion.  Modal  splits  within  specific  origin-to-destination 
markets  are  stable  over  the  forecast  period,  although 
changes  in  regional  consumption  rates  and  ore  sources  affect 
overall  mode  splits.  As  noted  above,  waterborne  non-ferrous 
ores  are  predominately  foreign  trade  oriented  and  are  pro¬ 
jected  directly  from  forecasts  described  earlier. 


(a)  Summary 

Domestic  waterborne  traffic  demand  grows  from  52.4  mil¬ 
lion  tons  in  the  strike-depressed  year  of  1977  to  98.1  mil¬ 
lion  tons  in  1990  (5%  per  year  growth)  and  then  to  137.4 
million  tons  during  the  second  half  of  the  forecast  period 
(2.6%  per  year).  This  growth  is  dominated  by  iron  ore, 
which  constitutes  95%  of  the  tonnage  and  grows  from  50  mil¬ 
lion  tons  in  1977  to  133.9  million  tons  in  2003.  Domestic 
non-ferrous  ore  flows  grow  by  1.6%  per  year  to  1990  and  1.3% 
beyond,  with  growth  rates  depressed  by  continued  increases 
in  the  concentration  of  ore  imports. 

Waterborne  imports  of  metallic  ores  grow  from  59.6  mil¬ 
lion  tons  in  1977  to  71.9  million  tons  in  1990  (1.5%  per 


year),  and  to  IDO. 5  million  tons  in  2003  (2.6%  per  year 
after  1990).  Iron  ore  imports,  which  were  buoyed  by  the 
strike  in  1977,  grow  at  1.2%  per  year  to  1990  (compared  to 
1.9%  for  non-ferrous  ores)  and  3.0%  per  year  after  1990 
(1.7%  for  non-ferrous). 


Metallic  ore  exports  increase  from  3.3  million  tons  in 
1977  to  5.0  million  tons  in  2003.  Most  of  this  growth  oc¬ 
curs  at  the  beginning  of  the  period,  because  iron  ore  ex¬ 
ports,  which  are  projected  to  be  flat  in  the  future,  return 
to  normal  levels  after  the  strike  of  1977. 


( b  ) _  Major  Market  Shifts 

In  general,  the  demand  for  domestic  waterborne  metal¬ 
lic  ore  transportation  is  projected  to  grow  somewhat  faster 
than  iron  ore  consumption  because  the  stagnation  of  iron  ore 
production  in  the  South  leads  to  increased  imports  and  sub¬ 
sequent  barge  delivery  to  plants  in  that  region.  Similarly, 
the  shut-down  of  ore  production  in  the  Northeast  leads  to 
some  substitution  of  bake  Superior  ore  and  Great  Lakes 
transportation.  Finally,  the  recovery  of  domestic  mining  in 
the  Lake  Superior  region  in  the  beginning  of  the  projection 
period  causes  a  rapid  increase  in  Lakes  transportation  and  a 
related  fall-off  of  imports. 


Relatively  slow  projected  growth  of  iron-ore  require¬ 
ments  in  the  Cincinnati  area  and  non-ferrous  ore  imports, 
both  of  which  stimulate  the  demand  for  inland  barge  move¬ 
ments  out  of  Lower  Mississippi  River  ports,  leads  to 
s lower-than-average  growth  in  metallic  ores  demand  on  the 
Mississippi  and  Ohio  Rivers. 


(c)  Waterborne  Flow 
Changes _ 


Tables  II 1-2  through  III-5  present  the  waterborne  de¬ 
mand  projections  for  metallic  ores.  Table  III-2  shows  the 
domestic  shipments  and  receipts  for  each  of  21  reporting 
segments.  Table  1 1 1  —  3  presents  the  domestic  tonnage  utiliz¬ 
ing  each  segment  within  the  Mississippi  River  system  and 
Great  Lakes,  including  inbound,  outbound,  local,  and  through 
traffic.  No  total  is  presented  in  this  table  because  of  the 
implicit  double-counting  of  flows  utilizing  more  than  one 
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segment.  Table  I  I [-4  exhibits  th~  ton-miles  generated  on 
each  segment  for  the  traffic  loading  represented  in  the  pre¬ 
vious  table.  Ton-miles  in  1977  may  differ  from  data  pub¬ 
lished  elsewhere  due  to  the  level  of  aggregation  of  the 
National  Waterway  Study  network  used  to  generate  distances. 
Projected  ton-miles  growth  rates  should  be  unaffected.  Fin¬ 
ally,  Table  T I  I  —  5  shows  the  projected  metallic  ore  import- 
export  activity  for  each  National  Waterway  Study  reporting 
segment.  The  large  tonnage  for  the  Illinois  River  repre¬ 
sents  receipts  at  steel  plants  just  off  of  Lake  Michigan  in 
the  Calumet  River  area. 


As  shown  in  Table  II 1-2,  and  noted  above,  domestic 
shipments  from  the  Great  Lakes  segment  jumped  markedly  early 
in  the  forecast  period  (23  million  tons  between  1977  and 
1980)  due  to  a  return  to  normalcy  following  low  shipments 
during  a  strike  in  1977.  Strong  growth  in  Southern  ore  con¬ 
sumption  as  well  as  a  growing  share  of  import  ore  in  that 
region  drive  domestic  barge  traffic  on  the  Warrior  River 
System  and  Atlantic  Intracoastal  Waterway  in  the  Carolinas 
Segment  (about  4%  per  year  between  1977  and  1990,  and  over 
4.5%  per  year  thereafter). 


As  shown  in  Tables  III-4  and  III-5,  domestic  metallic 
ore  flows  on  the  Lower  Mississippi  and  Ohio  Rivers  grow  at  a 
relatively  modest  1.7%  in  both  tonnage  and  ton-mile  terms 
throughout  the  forecast  period,  due  to  sluggish  iron  ore  de¬ 
mand  in  the  Ohio  River  Valley  and  slow  import  growth  for 
non-ferrous  ores. 


Imports  grow  more  rapidly  in  the  South  (2.2%-3.3%  an¬ 
nually)  than  in  other  major  import  regions  in  the  first  half 
of  the  forecast  period  because  of  relatively  rapid  growth  in 
consumption  and  the  lack  of  a  strike-related  effect  in  the 
base  year.  The  Gulf  Coast  West  grows  more  slowly  than  the 
Warrior  River  (Mobile)  or  South  Atlantic  (Wilmington,  North 
Carolina  and  Charleston,  South  Carolina)  because  of  a  re¬ 
latively  greater  role  of  non-ferrous  ore. 
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Table  I  I  l-S 


IV  -  C’dAI, 


INDUSTRY  'M'TI/kik 


The  Co.)  1  Industry  Mo. lei  is  solved  usinq  both  qeneral 
energy  forecasts  and  coal  specific  forecasts.  Reqional  fuel 
demands  are  first  solved  for  13  demand  regions  (see  Figure 
P’-l)  for  each  of  five  energy-consuming  sectors:  utilities, 

industrial  (steam  and  coking),  residential  and  commercial, 
synfuels,  and  exports.  The  Coal  Industry  Model  is  then 
solved  by  incorporating  these  fuel  demands  into  the  model 
along  with  cost  parameters  (transportation,  scrubbing,  and 
mining),  taxes  (state  and  federal),  producers  rate  of  re¬ 
turn,  renional  Rtu  content  of  coa 1 ,  regional  reclamation 
costs,  and  productivity  changes.  rind  products  of  the  solved 
model  include  a  forecast  of  coal  production  by  supply  region 
(six  supply  regions;  see  Figure  IV-2),  prices  and  regional 
flows.  Small  producing  areas  such  as  Missouri,  Kansas,  and 
Iowa  are  excluded  in  the  interest  of  keeping  the  model  sim¬ 
ple  and  are  assumed  not  to  greatly  distort  the  results.  The 
lignite  regions  of  Texas  and  North  Dakota  are  also  excluded 
based  on  the  knowledge  that  the  coal  is  only  used  locally 
due  to  its  Low  heating  value.  Demand  which  is  satisfied  by 
this  coal  is  netted  out  from  the  model.  The  national  re¬ 
sults  are  simply  summations  of  the  regional  results. 

(a)  Industry 

_ Background 


The  coal  industry  has,  historically,  been  the  "sleeping 
giant"  of  energy  with  billions  of  tons  of  reserves  evident 
in  this  country  alone.  Despite  this  fact,  there  has  been  a 
continued  reliance  on  imported  oil  for  generating  electric¬ 
ity  over  the  last  ten  years,  due  to  its  relative  inexpen¬ 
siveness  with  respect  to  coal  (until  recently) .  Coal  has 
largely  been  used  in  this  country  to  fuel  electric  gener¬ 
ating  plants  in  the  states  which  produce  large  amounts  of 
the  substance  (Illinois,  Indiana,  Alabama,  Pennsylvania, 
Ohio,  West  Virginia,  Virginia,  Tennessee,  Kentucky,  Montana, 
and  Wyoming).  Coal  is  also  used  in  the  production  of  coke 
by  steel  mills  but  has  historically  represented  only  16.6% 
of  total  coal  consumption,  on  average.  In  1977,  United 
States  coal  consumption  (both  bituminous  and  lignite) 
totaled  708.4  million  standard  tons  (22.0  million  Btu  =  1.0 
standard  ton),  77.4%  of  which  was  consumed  by  electric 
utilities  and  12.6%  by  coke  producers.  The  remainder  was 
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used  for  residential  purposes  and  exports.  Utilities  have 
increased  their  share  of  total  coal  consumption  from  54.1% 
in  1965  to  7R.6%  in  19  70,  a  45%  jump  in  14  years  (3.2%  sim¬ 
ple  annual  growth) .  Meanwhile,  consumption  of  coal  for  coke 
has  declined  from  20.9%  of  total  consumption  in  1965  to 
11.0%  in  1 97B . 


Along  with  the  growth  in  utility  consumption  of  coal, 
western  coal  has  been  making  inroads  on  the  production  side. 
Western  coal  production  has  gone  from  a  9.3%  market  share  in 
1969  to  20.3%  in  1977  and  21. R%  in  1979  (preliminary  esti¬ 
mates).  Although  western  coal  is  low  in  Btu  content  (aver¬ 
aging  10,000  btu/ton),  this  coal  also  has  a  low  sulfur 
content  (averaging  close  to  0.9%),  making  it  attractive  to 
burn  in  areas  with  strict  environmental  regulations.  West¬ 
ern  coal  production  has  also  benefitted  recently,  in  com¬ 
petitive  terms,  by  environmental  mining  regulations  which 
call  for  land  reclamation  after  mining.  Although  expensive, 
it  is  easier  to  reclaim  the  rolling  lands  typically  found  in 
western  strip  mining  operations  than  the  mountainous  terrain 
of  Appalachian  mines.  In  addition,  large  coal  reserves  are 
available  in  the  West  while  South  Appalachia  is  facing  de¬ 
clining  reserves.  All  of  these  factors  have  contributed  to 
the  significant  increase  over  the  last  14  years  of  western 
coal  production  and  consumption. 


(b)  National  and  Regional 
Forecasts 


As  seen  in  Table  IV-1,  total  supply  of  bituminous  coal 
will  grow  from  662.5  million  tons  in  1977  to  1940.3  million 
tons  in  2003  under  the  TRENDLONG 2003 A  scenario.  Demand  for 
bituminous  and  lignite  coal  will  also  almost  triple  from 
1977  to  2003,  growing  from  70S. 4  million  tons  to  1956.9  mil¬ 
lion  tons.  Annual  compound  growth  rates  for  demand  will 
average  5.9%  from  1977  to  1990  and  3.1%  from  1990  to  2003. 
Supply  will  grow  at  a  slightly  slower  growth  rate  from  1977 
to  1990  -  5.1%  -  but  will  average  3.3%  growth  from  1990  to 
2003.  The  shortfall  of  coal  supply  for  total  demand  will  be 
made  up  from  imports  and  lignite  production  not  included  in 
tof-al  supply. 


Exports  are  forecast  to  almost  double  over  the  26-year 
period,  growing  from  53.9  million  tons  in  1977  to  103.2  mil¬ 
lion  tons  in  2003.  This  growth  is  largely  based  on  histori¬ 
cal  growth  rates  for  metallurgical  coal  exports  and  does  not 
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include  significant  levels  of  steam  coal  exports.  Although 
the  United  States  is  a  net  exporter  of  coal,  there  is  still 
some  demand  for  imported  coal  because  a  special  guality  of 
coal  is  needed  in  some  cases  and  can  only  come  from  over¬ 
seas.  In  addition,  transportation  costs  can  be  competitive 
to  some  places,  such  as  Florida,  from  overseas  countries 
such  as  Poland.  Imports  will  grow  from  1.7  million  tons  in 
1977  to  3.4  million  tons  in  1990,  an  average  annual  growth 
rate  of  4.9%  (coal  imports  in  1977  were  somewhat  lower  than 
they  were  both  in  1976  and  1978  so  that  the  base  year  is  not 
truly  representative  of  historical  trends).  From  1990, 
imports  will  dip  in  1995,  rebound  in  2000  to  3.5  million 
tons  and  remain  at  3.5  million  through  2003.  The  fairly 
constant  tonnage  displayed  by  imports  is  typical  of  the  spe¬ 
cial  needs  it  is  used  for  in  this  country. 


Regionally,  the  majority  of  growth  in  coal  demand  will 
be  found  in  the  regions  presently  dependent  on  oil  or  gas  - 
New  F.ngland,  West  South  Central  1  and  2,  Mountain  1,  2,  and 
3,  and  Pacific.  New  Fngland  displays  the  largest  average 
annual  growth  from  1977  to  1990  at  20.0%  per  year  while  West 
South  Central  1  follows  closely  behind  at  18.5%  growth  per 
year  during  the  same  period.  The  Pacific  region  averages 
15.1%  annual  demand  growth  from  1977  to  1990  while  West 
South  Central  2  averages  close  to  10.0%  annual  growth  and 
the  three  Mountain  regions  average  between  7.6%  and  R.6%  an¬ 
nual  growth  from  1977  to  1990.  The  remaining  regions  (Mid¬ 
dle  Atlantic,  South  Atlantic,  Fast  North  Central,  East  South 
Central  1  and  2,  and  West  North  Central)  will  experience 
average  annual  growth  rates  of  between  3.3%  (Fast  South  Cen¬ 
tral  1)  and  7.2%  (West  North  Central).  During  the  period 
1990  to  2003,  demand  is  expected  to  slow  down  for  all  re¬ 
gions,  generally  averaging  growth  rates  which  are  half  of 
the  1977  to  1990  rates,  except  the  East  South  Central  1 
growth  rate  which  will  increase  to  4.3%  annually  from  1990 
to  2003. 


The  percent  of  demand  which  is  attributed  to  utilities 
remains  fairly  constant  for  all  except  Mountain  1  where  the 
utility  share  of  total  demand  falls  from  96.3%  in  1977  to 
54.4%  in  2003  and  in  the  Pacific  where  the  utility  share 
increases  from  48.5%  in  1977  to  79.4%  in  2003.  Utility 
share  will  drop  during  the  26-year  period  in  the  Mountain  1 
and  3  regions  due  to  an  increasing  share  of  coal  being  used 
for  synthetic  fuel  development  rather  than  power  generation. 
In  the  Pacific,  on  the  other  hand,  the  small  amount  of  coal 
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n  'w  C'tnsnmeii  is  fur-  inhistri.il  and  re  si  lent,  ial  purposes 
while  the  incremental  demand  during  the  forecast  period  will 
largely  be  used  by  converted  oi 1  plants  or  new  coal  plants. 


Supply  will  grow  most  rapidly  in  the  western  producing 
regions  with  Montana  -  Wyoming  leading  the  way,  averaging 
12.9"  annual  growth  rates  from  1977  to  1990.  Vorth  Ap¬ 
palachia  and  South  Appalachia  will  average  1  .4°  to  1  .5%  an¬ 
nual  growth  while  the  Midwest  will  fare  somewhat  better  at 
3.7%  average  annual  growth  from  1977  to  1990.  During  the 
next  decade,  however,  there  should  be  a  resurgence  in  de¬ 
mand  for  more  local  coal  which  will  benefit  North  Appalachia 
and  the  Midwest  (South  Appalachian  coal  reserves  are  ex¬ 
pected  to  begin  deterioration  by  this  time,  thus  explaining 
the  9.6%  average  annual  decline  in  supply). 


Demand  and  supply  will  fall  an  average  of  0.0S1  to 
0.61"  per  year  under  the  RAPF1NSROY2003A  and  the 
I,ARGKRGnvT2O03A  scenarios.  The  decline  under  BADFMFRGY200  3A 
is  largely  due  to  an  overall  decline  in  the  quantity  of  en¬ 
ergy  demanded  because  of  higher  prices  while  a  further  de¬ 
cline  under  LARGS RGOVT2093A  is  a  result  of  a  general  ec¬ 
onomic  slowdown  expected  to  occur  under  this  scenario. 


(c)  Key  Industry 
_ Developments 

Assumptions  are  made  for  a  number  of  key  parameters 
within  the  Coal  Industry  Model  including  nominal  rates  of 
change  for  transportation  (7.7%  for  Fast  originations  and 
8.8%  for  West  originations),  scrubbing  (6.6%),  mining 
machinery  (6.9%),  and  mining  wages  (9.3%).  Also  assumed 
within  the  model  are  state  and  federal  taxes,  real  rate  of 
return  (10.0%),  the  Btu  content  of  each  supply  region's 
coal,  regional  reclamation  costs  for  surface  mining 
($5.70-$7.04  per  ton  in  the  East  opposed  to  $0.74-$0.96  per 
ton  in  the  West),  and  the  compound  annual  rate  of  change  for 
productivity,  both  surface  and  deep  mining.  These  assump¬ 
tions  are  made  based  on  knowledge  of  the  industry  as  well  as 
on  historical  experiences.  These  assumptions  are  key  inputs 
for  the  results  discussed  above. 


Although  utilities  will  continue  to  constitute  the 
largest  sector  of  coal  demand,  recently  developed  synthetic 


fuel  production  processes  from  coal  will  open  up  an  entirely 
new  market  for  the  coal  industry.  Production  of  bituminous 
coal  for  synthetic  fuel  producers  in  2003  will  be  B.3%  of 
total  production.  Should  a  nuclear  moratorium  occur,  total 
production  of  bituminous  coal  will  increase  by  another  11.21. 
in  2003.  This  phenomenon  is  not  considered  in  any  of  the 
three  macroeconomic  scenarios  and  could  be  considered  one 
risk  of  the  forecast.  Another  risk  of  the  forecast  is  that 
♦he  export  forecast  may  be  low  in  light  of  the  recent  spec¬ 
ulation  that  foreiqn  demand  for  steam  coal  may  increase 
s iqni f icant 1 y  due  to  the  high  price  of  oil. 

In  a  very  real  sense,  the  future  of  coal  producers  lies 
in  the  expectation  that  oil  prices  will  continue  to  spiral 
upward  and  environmental  problems  associated  with  burning 
coal  can  be  solved.  The  longer  prices  increase  signifi¬ 
cantly,  the  more  competitive  coal  will  be  in  the  fuel  market 
(both  domestically  and  foreiqn),  despite  environmental  con¬ 
straints.  As  in  the  case  of  most  commodities,  the  coal  that 
is  produced  must  be  transported  to  the  market.  The  follow¬ 
ing  two  sections  deal  with  the  waterborne  transportation  of 
coal,  the  first  section  includes  a  description  of  historical 
waterborne  coal  flow  patterns  while  the  second  includes  a 
presentation  and  analysis  of  the  National  Waterway  Study 
projections  for  coal. 

DISTRIBUTION  SYSTEMS 

Historical  coal  movements  among  regions  have  been  char¬ 
acterized  by  "minimum-distance"  flows.  Until  a  few  years 
ago,  coal  transportation  rates  were  a  substantial  portion  of 
final  delivered  prices,  making  use  of  nearest  coal  supplies 
to  a  utility  most  likely.  Presently,  however,  only  New 
England  and  Middle  Atlantic  states  are  actually  receiving 
the  majority  of  their  coal  from  the  nearest  coal  supply 
regions.  A  number  of  factors  have  contributed  to  the 
increasing  distances  between  coal  supplier  and  user.  For 
example,  strict  air  pollution  regulations  in  the  East  North 
Central  region  forced  a  number  of  utilities  to  seek  low- 
sulfur  coal  in  the  West,  rather  than  using  untried  (at  the 
time)  coal  scrubbing  technologies  on  local,  high-sulfur 
coal.  In  the  West  North  Central  region,  western  coal  has 
become  popular  due  to  lower  mining  costs  that  allow  ship¬ 
ments  over  greater  distances  (in  this  case,  well  over  500 
miles)  while  still  being  competitive  with  midwestern  coal  on 
the  basis  of  delivered  prices.  Finally,  the  economics  of 
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(a)  Role  of  Water 
_ T ranspo r tat  ion 

Rarqe  (or  vessel)  delivered  coal  generally  terminates 
at  electric  utility  plants  situated  on  the  major  internal 
waterways  as  well  as  on  the  Great  Lakes,  the  Gulf  Coast,  and 
the  Atlantic  Coast.  Steel  plants  in  Pennsylvania,  West 
Virginia,  and  Ohio,  also  receive  coal  by  barge  but  utilities 
are  by  far  the  largest  recipients  of  coal  barge  deliveries. 
In  1977,  almost  23%  of  all  coal  shipments  had  some  movement 
by  water;  approximately  7R%  of  that  tonnage  was  delivered  to 
electric  utilities. 


Water  transportation  of  coal  to  these  electricity 
generating  units  is  typically  short-haul,  in  most  cases  no 
more  than  100  miles,  and  is  usually  preceded  by  a  truck  or 
rail  move  to  the  river  loading  site.  Examples  of  typical 
waterborne  coal  movements  include: 

1 .  Coal  is  loaded  into  barges  on  the  Ohio  River 
in  Uniontown,  Kentucky,  and  then  moved  downstream  onto  the 
Mississippi  for  final  delivery  to  the  Tennessee  Valley 
Authority's  Allen  plant  in  Memphis,  Tennessee; 

2.  Alabama  Power's  Barry  plant  received  78%  of 
its  coal  in  1977  from  Alabama  coal  fields.  The  coal  is 
delivered  to  the  utility's  transloading  facilities  in 
Gorgas,  Alabama,  by  truck  and  conveyor.  The  coal  then  moves 
downstream  in  barges  on  the  Tombigbee  River  to  the  plant's 
site  in  Bucks,  Alabama; 

3-  Western  coal  for  Upper  Mississippi  plants 
which  receive  coal  by  barge  (Black  Dog,  Allan  King,  Alma, 
Stoneman,  Lansing,  Nelson  Dewey,  Meramec,  and  a  number  of 
others)  is  typically  transloaded  from  Burlington  Northern 
unit  trains  in  St.  Pau 1 /Minneapol i s ,  Minnesota,  and  moved  by 
barge  anywhere  from  20  miles  to  350  miles  downstream;  and 
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5.  Coal  destined  for  delivery  to  plants  situate! 
on  the  Ohio  River  is  typically  eastern  con  1 ,  brouqht  to 
loading  facilities  in  West  Virginia,  Ohio,  Kentucky, 
Illinois,  anh  Indiana  by  railroad  or  truck.  The  only 
exception  to  this  trend  has  been  the  Gavin  plant  of  ohio 
electric  in  Oallipolis,  Ohio.  This  plant  received  western 
coal  which  was  loaded  into  harqes  at  Metropolis,  Illinois, 
from  unit  trains  for  final  delivery. 


A  water  movement,  which  is  atypical  is  the  rail-to- 
ba rqe- to- r a i 1  movement  utilized  by  the  Georgia  Power  Com¬ 
pany.  Coal  is  transloaded  from  I.ouisville  and  Nashville 
railcars  into  harqes  on  the  Tennessee  River  at  Grand  Rivers, 
Kentucky.  The  coal  is  then  translocated  from  the  harqes 
back  onto  railcars  in  Pride,  Alabama,  after  the  coal  has 
been  blended  at  the  utility's  blending  facility  in  Pride. 


(b)  ^actors  Affecting 
Modal  Choice 


What  kind  of  >r-  -tors  go  into  making  a  decision  such  as 
Georgia  Power  Company's  to  utilize  a  three  step  coal  de¬ 
livery  process?  In  that  company's  case,  it  is  simply  ec¬ 
onomics.  They  are  tied  into  a  long-term  contract  for  high- 
sulfur  coal  which  they  cannot  now  burn  until  it  has  been 
blended  with  a  lower-sulfur  coal.  The  rai 1-to-barqe-to-ra i 1 
process  is  the  most  economical  way  for  the  utility  to 
achieve  the  correct  blend  of  coal  and  get  it  to  the  plant. 


Tn  most  cases,  economics  are  the  overriding  factors  for 
a  plant's  decision  to  receive  coal  by  barge,  if  that  plant 
is  located  on  the  water.  Kxcept  in  the  case  of  one  utility, 
all  of  the  plants  presently  receiving  coal  by  barge  will,  in 
all  likelihood,  continue  to  do  so  because  the  investment  has 
been  made  in  the  barge  unloading  facilities.  Very  often 
only  marginal  rail  links  exist  at  these  facilities,  if  any 
link  at  all,  thereby  necessitating  barge  or  truck  delivery 
exclusively.  Kentucky  Utilities  is  one  utility  which  is 
investigating  construction  of  rail  facilities  for  its  Ghent 
plant ;  the  decision  has  largely  been  based  on  the  fact  that 
two  new  units  will  be  added  by  1981,  thereby  doubling  coal 
consumption  at  the  plant,  and  making  rail  delivery  a  more 
attractive  alternative.  The  investment  needed  for  con¬ 
struction  of  a  rail  link  and  rail  unloading  facilities,  in 
the  majority  of  crises,  however,  is  largely  prohibitive  if 
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barge  facilities  are  in  good  condition  and  do  not  need 
significant  capacity  added  to  their  capabilities. 


In  addition  to  investment  and  existing  facility  con¬ 
siderations,  another  factor  affecting  modal  decisions  is  the 
utility's  coal  source.  A  shift  to  western  coal  by  utilities 
on  the  Mississippi  River  will  help  accelerate  the  slowing  in 
barge  deliveries  to  facilities  in  this  region  in  favor  of 
direct  rail  delivery,  thereby  eliminating  the  transloading 
costs.  The  majority  of  new  coal  fired  plants  in  this  region 
will,  in  most  cases,  locate  off  the  river  for  this  reason. 
Another  example  of  the  impact  of  coal  sources  on  the  modal 
decision  is  with  respect  to  some  facilities  along  the  Ohio 
River.  For  these  facilities,  a  difference  of  as  little  as 
ten  miles  in  a  coal  source  could  result  in  a  shift  from  coal 
lelivered  by  barge  to  coal  delivered  by  truck.  This  shift 
can  be  made  with  relative  ease  due  to  the  fact  that  truck 
lelivered  coal  does  not  require  special  unloading  facilities 
-  only  a  stockpile  to  dump  the  coal.  Coal  trucks  typically 
travel  only  short  distances  so  that  the  coal  source  must  be 
close  by.  If  a  facility  is  not  on  a  barge-served  river  and 
is  not  within  approximately  SO  miles  of  its  coal  source, 
railroad  is  usually  the  only  modal  choice  left  for  the 
facility  (unless  it  is  a  mine  mouth  facility).  In  general, 
the  modal  decision  for  new  plants  is  made  in  advance  of  con¬ 
st  ruction  so  that  site  and  mode  are  compatible  and  cost  ef¬ 
fective.  Many  utilities  favor  final  delivery  by  water,  when 
feasible,  based  on  a  lower  ton-mile  cost  and  the  ability  to 
contract  a  barge  rate  whereas  rail  rates  cannot  be  con¬ 
tracted  now.  it  is  not,  however,  always  feasible  to  locate 
on  the  waterways. 


(c)  Distribution  System 
[level  opments 


As  mentioned  in  the  preceeding  section,  one  development 
that  is  expected  to  come  about  in  the  distribution  of  coal 
is  that  utilities  in  West  North  Central  and  Fast  North  Cen¬ 
tral  states  which  border  the  Mississippi  River  will  begin 
’ocating  off  the  river.  The  reasoning  for  this  location  de¬ 
cision  largely  hinges  on  the  fact  that  these  utilities  will 
be  consuming  western  coal  which  must  initially  be  moved  by 
railroad.  In  order  to  avoid  the  costs  of  transloading  from 
rail  to  barge,  the  utilities  will  locate  where  direct  rail 
service  can  be  accomplished  with  relative  ease. 
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Mew  coal  flows  which  are  expected  to  evolve  on  the 
waterways  include  delivery  of  both  eastern  and  western  coal 
to  synthetic  fuel  plants  located  on  the  Mississippi  River 
and  the  Gulf  of  Mexico,  near  refineries  and  chemical  plants. 
Synthetic  fuel  plants  which  could  receive  coal  by  barge  may 
total  as  many  as  ten,  each  consuming  five  million  tons  of 
coal  per  year  to  produce  the  equivalent  of  30,000  barrels  of 
oil  per  day  per  plant.  The  logistics  involved  in  synthetic 
fuel  plant  location  for  this  study  will  be  discussed  in  more 
detail  in  the  following  section. 


A  third  potential  impact  on  the  waterborne  distribution 
of  coal  involves  the  ability  of  coal  slurry  pipelines  to 
compete  with  rail/barge  delivery  of  coal.  A  number  of  pro¬ 
posals  coultl  directly  compete  with  waterborne  coal  deliver¬ 
ies  to  West  South  Central  and  bast  South  Central  utilities. 
The  two  lines  which  would  pose  the  most  substantial  competi¬ 
tion  to  existing  modal  patterns  are  the  Energy  Transporta¬ 
tion  System,  Inc.  (FITS I)  and  the  Florida  Gas  pipelines.  The 
FITS  I  pipeline  is  currently  being  designed  to  run  from  the 
Powder  River  Basin  region  in  Wyoming  south  to  Mississippi 
while  the  Florida  Gas  line  is  being  considered  as  a  two 
source  line  (Southern  Illinois  and  Indiana  as  one  source  and 
Fast  Kentucky  and  West  Virginia  as  the  second  source), 
terminating  in  Florida.  By  2003,  capacity  of  the  KTSI  line 
could  reach  38  million  tons,  using  42-inch  diameter  pipe. 

The  Florida  Gas  pipeline  could  reach  an  annual  capacity  of 
40  million  tons  in  2003.  Theoretically,  therefore,  these 
pipelines  could  Iraw  78  million  tons  of  coal  away  from  the 
railroads  and  barge  operators  on  traditional  as  well  as  new 
coal  movements. 


WAT  KR BORNE  DEMAND 
PROJECTIONS 


Waterborne  coal  traffic  was  projected  by  using  coal  de¬ 
mand  by  region  as  the  primary  explanatory  variable.  An  an¬ 
alysis  was  performed  to  determine  both  the  relevant  demand 
region  being  served  by  the  particular  waterway  segment  as 
well  as  the  overriding  usage  in  that  region  for  the  coal 
(i.e.,  utility,  coke,  industrial,  etc.).  When  these  two 
factors  were  determined  for  18  "super  segments,"  equations 
were  solved  using  the  correct  demand  factors  as  well  as  in¬ 
ventory  change  considerations,  demand  for  petroleum  by 
electric  utilities,  and  consideration  for  changing  barge 
market  shares  as  well  as  for  strikes  and  weather  problems. 
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The  resultant  equations  were  used  to  solve  coal  terminations 
on  the  18  "super  segments"  from  1978  to  2003.  These  results 
were  then  allocated  to  the  67  analysis  segments  based  on 
1977  shares.  While  most  origination  patterns  were  left  in¬ 
tact,  based  on  the  knowledge  that  most  flows  are  contract¬ 
ed  for  long  periods  of  time,  some  origination  shifts  were 
made  manually  within  the  projection.  These  source  changes 
took  the  form  of  allocating  incremental  coal  flows  to  a  cer¬ 
tain  segment  source  as  opposed  to  the  traditional  origina¬ 
tion.  Examples  of  these  source  shifts  include: 

1.  More  tonnage  loaded  on  the  Upper  Mississippi 
for  termination  on  the  Upper  Mississippi  to  reflect  in¬ 
creased  western  flows; 

2.  More  tonnage  loaded  below  Locks  and  Dam  26  for 
termination  on  the  Lower  Mississippi  -  Baton  Rouge  to  Gulf  - 
to  reflect  both  increased  western  flows  to  utilities  and 
synthetic  fuel  plants  as  well  as  increased  exports  through 
the  Gulf; 

3.  More  tonnage  loaded  onto  the  Tennessee  River 
after  1990  to  reflect  usage  of  the  Tennes see-Tombigbee 
Waterway  for  terminations  on  the  Black  Warrior  River  and  the 
Florida  Gulf  Coast; 

4.  A  shift  to  loading  western  coal  at  Duluth- 
Superior  on  Lake  Superior  for  final  delivery  to  users  on  the 
Great  Lakes,  reflecting  the  installation  of  a  transloader  at 
this  port;  and 

5.  A  shift  to  loading  low-sulfur  eastern  coal 
onto  Ohio  River  segments  for  final  delivery  on  the  Ohio 
River. 


The  results  of  this  allocation  were  then  included  in 
the  projection,  producing  waterborne  coal  traffic  flows  for 
the  forecast  years  (1980,  1985,  1990,  1995,  2000,  and  2003) 
and  for  each  scenario  ( TRENDLONG2003A,  BADENERGY2003A,  and 
LARGERGOVT2003A) . 


(a)  Summary 

Total  traffic,  shipped  or  received  from  a  domestic 
water  segment,  will  grow  at  an  average  annual  rate  of  growth 
of  4.5%  from  1977  to  1990.  Total  domestic  coal  traffic 


shipped  or  received  from  1990  to  2003  will  grow  at  an  aver¬ 
age  annual  rate  of  3.2%.  Total  exports  will  grow  3.6%  per 
year  from  1077  to  1000  and  1.8%  per  year  from  1090  to  2003. 
Imports  will  grow  most  substantially  from  1977  to  1990, 
averaging  S.4%  annual  growth,  but  will  grind  to  a  standstill 
for  the  period  1990  to  2003,  averaging  only  0.1%  growth  per 
year  over  the  14  year  period. 


The  Ohio  River  system  is,  by  far,  the  predominant 
waterway  segment  for  domestic  coal  traffic.  Both  steam  coal 
for  electric  utilities  and  metallurgical  coal  for  steel 
plants  are  shipped  and  received  on  this  segment.  Shipments 
will  grow  at  a  slightly  faster  rate  than  receipts  from  1977 
to  1990  -  3.9%  as  opposed  to  3.0%  per  year  -  as  well  as  from 
1990  to  2003  -  2.9%  as  opposed  to  1.9%.  This  is  largely  at¬ 
tributable  to  significantly  increased  demands  by  facilities 
on  other  segments  (most  notably  the  Lower  Mississippi  River 
segments  and  the  Gulf  Coast  Waterway  segments).  Coal  which 
is  easily  loaded  onto  the  Ohio  River  (and  its  tributaries) 
and  moved  along  the  inland  waterway  network  will  supply  a 
large  share  of  these  increased  demands.  In  addition  to  the 
Ohio  River  segment  growth,  shipments  and  receipts  on  the 
Middle  Atlantic  Coast  will  also  grow  significantly  in  an 
attempt  to  meet  new  coal  demands  along  this  segment  and  into 
the  North  Atlantic  Coast  segment.  Specific  causes  for  coal 
shipment  and  receipt  growth  rates  on  the  major  waterway 
segments  will  be  discussed  in  the  following  two  secitons. 


(b)  Major  Market  Shifts 

As  seen  in  Table  IV-2,  shipments  of  coal  on  the  Upper 
Mississippi  River  will  grow  an  average  of  10.9%  per  year 
from  1977  to  1990  and  3.3%  per  year  from  1990  to  2003. 

These  growth  rates  are  substantia  1 ly  higher  than  the  total 
growth  rates  referred  to  in  the  preceeding  section  and 
represent  a  shift  to  loading  western  coal  onto  the 
Mississippi  River  at  upper  river  points.  Coal  receipt 
growth  rates  for  the  Upper  Mississippi  are  significantly 
below  the  average  for  all  segments  from  1990  to  2003, 
indicative  of  the  shift  to  rail  delivery  of  western  coal  to 
plants  located  in  the  regions  historically  served  by  the 
segment . 
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iM.To.iaoi?  conversion  of  New  Kinilntid  and  Middle  Atlantic 
I'li'rt  rir  utilities  f  rom  o  i  1  -  f  i  red  boilers  to  coa  1  -  f  i  red 
boilers  will  result  in  substantial  growth  rates  for  Middle 
Atlantic  Coast  coal  shipments  and  receipts.  From  1977  to 
1 11 9o ,  shipments  from  this  segment  for  domestic  termination 
will  a row  at  an  average  annual  rate  of  11.9?  while  receipts 
for  the  same  time  frame  will  qrow  an  averaqe  of  10.7%  per 
year.  Growth  rates  will  s 1 ow  to  more  than  half  these  rates 
lurino  the  period  1090  to  2003  with  shipments  from  the  Mid¬ 
dle  Atlantic  Coast  averaqinq  5.0%  qrowth  per  year  and  re¬ 
ceipts  averaqinq  5.5%  qrowth  per  year. 


Another  market  shift  which  is  manifested  in  the 
waterborne  demand  projections  is  export  qrowth  out  of  the 
Gulf  as  opposed  to  from  the  Fast  Coast.  Total  export  ton- 
naqe  oriqinatinq  from  the  Baton  Rouqe  to  Gulf  seqment  will 
qrow  an  averaqe  of  11.7%  per  year  from  1977  to  1990  and  3.9% 
per  year  from  1990  to  2003  while  total  exports  are  only  ex¬ 
pected  to  grow  at  averaqe  annual  rates  of  3.3%  and  1.7%, 
respectively,  for  the  two  time  periods.  Meanwhile,  exports 
from  the  Middle  Atlantic  Coast  will  only  average  qrowth 
rates  of  2.0%  per  year  from  1977  to  1990  and  1.4%  per  year 
from  1990  to  2003,  clearly  indicatinq  a  growing  shift  in 
export  activity. 


(c)  Waterborne  Flow 
_ Developments 


Tables  IV-2  through  IV-5  present  the  waterborne  ton- 
naqe  projections  for  coal  by  reporting  segments  for  selected 
years.  Table  IV-2  includes  total  shipped  and  received 
domestic  tonnages  for  each  segment  while  Table  IV-3  presents 
the  numbers  of  tons  which  travel  on  any  part  of  the  segment. 
Ton-miles  for  each  segment  are  highlighted  in  Table  IV-4. 
Table  IV-5  includes  the  projections  for  export / import  ton¬ 
nage  by  reporting  segment.  All  of  the  tables  present  ton¬ 
nages  under  the  TRENDLONG2003A  scenario;  tables  containing 
the  alternate  scenario  projections  are  included  in  Appendix 
B. 


Coal  demand  by  synthetic  fuel  plants  will  represent  the 
major  new  source  of  coal  demand  for  the  next  25  years.  Al¬ 
though  still  a  relatively  untried  technology  in  this  coun¬ 
try,  synthetic  fuel  production  should  provide  the  outlet  for 
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161  million  tons  of  coal  by  2003.  Of  this  total,  10.0  mil¬ 
lion  tons  is  estimated  to  terminate  on  the  GIWW  West,  25.0 
million  tons  on  the  Raton  Rouqe  to  Gulf  segment  of  the 
Mississippi  River  and  15.0  million  tons  on  the  Lower  Upper 
Mississippi.  In  terms  of  plants,  these  figures  represent 
two  synfuel  plants  on  the  GIWW  West,  five  plants  in  the 
Baton  Rouge-Gulf  area  and  three  plants  on  the  Lower  Upper 
Mississippi.  Each  plant  would  produce  the  equivalent  of  ap¬ 
proximately  30,000  barrels  per  day  of  petroleum. 


Growth  rates  on  the  three  segments  where  synthetic  fuel 
plants  are  expected  to  locate  alqng  the  waterways  will  be 
significantly  nreater  than  those  for  the  total  flows.  For 
example,  coal  receipts  on  the  Lower  Upper  Mississippi  will 
average  annual  rates  of  qrowth  of  12.7%  for  1977  to  1990  and 
5.9%  from  1990  to  2003.  Coal  receipts  on  the  Baton  Rouge  to 
Gulf  segment  will  grow  at  an  average  rate  of  13.7%  per  year 
from  1977  to  1990  and  6.1%  per  year  from  1990  to  2003  as 
opposed  to  a  historical  growth  rate  of  1.7%  from  1969  to 
1977.  The  GIWW  West  will  experience  the  largest  growth  rate 
of  the  three  segments  -  24.7%  average  annual  growth  from 
1977  to  1990  and  6.6%  average  annual  growth  from  1990  to 
2003.  The  majority  of  coal  for  these  synthetic  fuel  plants 
will  come  from  coal  mines  in  the  Ohio  River  Basin,  although 
some  will  also  originate  in  western  coal  fields. 

As  mentioned  before,  the  Ohio  River  system  handles  the 
majority  of  coal  which  moves  domestically.  Total  tonnage 
shipped  from  the  segment  will  grow  from  9B.R  million  tons  in 
1977  to  236.4  million  tons  in  2003  (3.3%  average  annual  com¬ 
pound  growth  rate).  Total  receipts  will  grow  from  83.0  mil¬ 
lion  tons  in  1977  to  156.9  million  tons  in  2003  (2.4%  aver¬ 
age  annual  compound  growth)  while  total  traffic  will  grow  an 
average  of  3.4%  per  year,  increasing  from  100.2  million  tons 
in  1977  to  245.8  million  tons  in  2003  (see  Table  IV-3). 
Ton-miles  on  the  Ohio  River  segment  will  grow  at  an  average 
annual  compound  growth  rate  of  5.4%  from  1977  to  1990  and 
3.6%  from  1990  to  2003. 


Growth  of  coal  shipments  and  receipts  on  the  Great 
Lakes  and*St.  Lawrence  Seaway  will  be  s ign i f icant 1 y  slower 
from  1977  to  2003  with  shipments  averaging  2.0%  per  year  a.nd 
receipts  averaging  1.9%  per  year.  New  coal  demand  will  he 
slow  to  develop  on  the  Great  takes  because  of  the  shortened 
navigation  season  and  the  ability,  in  most  cases,  of  coal 


consumers  to  receive  the  substance  both  by  railroad  and 
vessel.  Coal  shipments  and  receipts  on  the  West  Coast  from 
Alaska  to  California  as  wel 1  as  Hawaii  and  the  Caribbean  are 
held  constant  in  1 ight  of  their  instability  and  small  impact 
with  respect  to  the  other  segments  considered  in  this  study. 
The  largest  flow  (46,000  tons  receive!  in  Alaska)  represents 
only  31  barge  loads  in  1077,  quite  insignificant  when  com¬ 
pared  to  the  65,8R5  barge  loads  shipped  in  1977  from  the 
Ohio  River  seciment. 


Again,  a  risk  of  the  projections  exists  in  the  export 
demand  projections  which  may  be  low  in  light  of  recent  spec¬ 
ulation  of  dramatic  increases  in  demand  by  European  and 
Asian  countries.  The  majority  of  the  increased  export  de¬ 
mand  is  expected  to  be  for  steam  coal  as  opposed  to  metal¬ 
lurgical  coal,  the  major  type  of  coal  exported  at  this  time. 
The  impact  of  higher  levels  of  coal  exports  on  waterway  and 
port  traffic  is  examined  in  detail  in  the  evaluation  and 
strategy  phase  of  NWS,  using  alternative  traffic  scenarios 
and  sensitivity  analyses. 


ri'ht  t<a 


V 


CRUDE  PETROLEUM 


INDUSTRY  OUTLOOK 


The  Crude  Petroleum  Industry  Model  used  to  perform  the 
analysis  for  crude  petroleum  is  a  synthesis  of  two  inter¬ 
related  models,  the  Drilling  Model  which  forecasts  domes¬ 
tic  crude  petroleum  and  natural  gas  exploration,  drilling 
and  production  activity  based  upon  econometric  analysis, 
and  the  Energy  Model,  which  forecasts  a  comprehensive  set 
of  prices,  production  levels,  imports  and  exports,  sup¬ 
plies,  and  demands  for  several  alternative  energy  sources; 
petroleum  (crude  and  products),  natural  gas,  coal,  nucle¬ 
ar,  hydro,  solar,  exotic,  etc.  for  use  in  several  end  mar¬ 
kets  (commercial,  residential,  utility,  industrial,  trans¬ 
portation)  for  both  fuel  and  power  use  and  as  raw  mate¬ 
rials  use  in  13  separate  regions  which  can  be  aggregated 
to  form  either  Census  Regions  or  PAD  Districts.  The 
Energy  Model  uses  as  exogenous  inputs  the  output  of  the 
Drilling  Model,  and  certain  other  variables,  and  forecasts 
the  remaining  endogenous  variables  based  on  an  econometric 
analysis  of  the  United  States  energy  sector  of  the  economy. 


(a)  Industry 
_ Background 


United  States  domestic  production  of  crude  petroleum 
in  1977  was  8.24  million  barrels  per  day  (mmbd),  while 
imports  of  foreign  crude  were  6.5  mmbd.  Total  demand  for 
crude  petroleum  was  14.79  mmbd.  Important  historical 
trends  include  a  growing  shortfall  between  domestic  pro¬ 
duction  and  demand,  with  resultant  increases  in  crude 
petroleum  imports  and  decline  in  crude  petroleum  exports. 
Markets  for  crude  petroleum  have  predominantly  been  in 
gasoline,  distillate  fuels,  and  residual  fuels,  with 
rapidly  expanding  markets  in  jet  fuels,  and  raw  materials 
uses  of  petroleum,  particularly  for  petrochemical  feed¬ 
stock  uses.  Technology  for  crude  petroleum  production 
consists  of  exploration,  drilling,  and  extraction,  with 
shifts  to  exploring  and  drilling  in  offshore  waters  and 
deeper  wells  on  land  becoming  more  prevalent. 
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(b)  National  and 
_ Regional  Forecasts 


Table  V-I  presents  forecasts  of  crude  petroleum  sup¬ 
plies  and  demands.  Domestic  production  is  expected  to 
bottom  out  in  1982  at  7.70  mmbd,  and  then  rise  to  9.75 
mmbd  in  2003.  Imports  decline  to  5.94  mmbd  in  1979  from 
6.55  mmbd  in  1977,  and  rise  to  8.19  mmbd  in  2003.  Total 
consumption  falls  to  14.27  mmbd  in  1982  from  14.79  in  1977 
and  rises  to  17.94  mmbd  in  2003.  Exports  of  crude  petro¬ 
leum  are  negligible  and  decline  at  approximately  3%  per 
year.  Regional  shifts  in  domestic  production  share  change 
over  time,  as  energy  policy  shifts  to  promote  recovery  of 
heavy  crudes  in  California  and  expanded  levels  of  drilling 
in  the  Williston  Basin  in  Wyoming  and  other  potentially 
important  production  areas  in  the  Rocky  Mountain  States 
( Padd  4),  along  with  increased  activity  in  offshore  waters 
in  the  Gulf  Coast,  and  in  the  offshore  Pacific  and  Atlan¬ 
tic  waters.  Differences  exist  across  macroeconomic  alter¬ 
natives  in  the  level  of  national  and  regional  production, 
with  national  production  levels  being  20.7%  higher  in  2003 
for  'BADENERGY'  at  11.77  mmbd,  and  1.1%  higher  in  2003  for 
'LARGERGOVT'  at  9.86  mmbd  as  increased  real  and  nominal 
prices  for  crude  petroleum  spur  increased  domestic  produc¬ 
tion,  and  reduce  consumption,  which  falls  to  16.91  mmbd,  a 
5.6%  decline,  and  to  17.36  mmbd,  a  3.1%  decline  for 
'BADENERGY'  and  'LARGERGOVT'  macroeconomic  alternatives, 
respectively  from  '^TRENDLONG'  at  17.9  mmbd.  Imports  shift 
as  the  swing  supply  factor,  with  values  for  2003  reduced 
to  5.17  mmbd  and  7.15  mmbd  from  8.19  mmbd  in  'TRENDLONG'. 
Regional  response  in  production  levels  varies  in  propor¬ 
tion  to  incremental  costs  of  production,  with  heavy 
crudes,  offshore  waters,  and  the  Rocky  Mountain  states 
having  the  largest  increases  in  production  levels.  Texas 
inland  production  levels  are  limited  by  declining  reserves. 


(c)  Key  Industry 
_ Developments 

The  model  assumptions  include  the  estimates  of  the 
level  of  response  in  exploration  activity  and  success 
rates  for  domestic  drilling  activity  to  rising  prices  of 
crude  petroleum.  Technological  changes  associated  with 
crude  petroleum  production  are  not  expected  to  be  substan¬ 
tial.  The  largest  forecast  risk  is  the  accuracy  of  the 
projected  OPEC  pricing  trajectory,  and  the  responses  in 
conservation  and  production  seen  in  the  United  States. 
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It  appears  that  as  crude  prices  rise,  conservation  and 
domestic  production  by  alternative  energy  sources  may 
reach  higher  levels  than  forecast,  which  along  with  in¬ 
creased  domestic  production  of  crude  petroleum  could  re¬ 
duce  imports  significantly  and  achieve  reductions  in  total 
petroleum  demands. 


PI ST F I  BUT I ON  SYSTEMS 

The  analysis  of  the  crude  petroleum  distribution  and 
logistics  systems  included  consideration  of  current  and 
future  trends  in  refinery  location,  barge/pipeline/tanker 
comparative  economics  and  relative  costs,  modal  attributes 
and  competitive  advantages,  shifts  in  supply  and  demand  of 
crude  petroleum  at  both  national  and  regional  levels, 
waterway,  port  facility  and  pipeline  system  expansions, 
impacts  of  Federal  regulations  affecting  production  and 
transportation  of  hazardous  materials  and  environmental 
issues,  and  other  relevant  factors* 


(a)  Role  of  Waterborne 
Transportation 

Most  crude  petroleum  pipeline  shipments  are  not  suit¬ 
able  for  diversion  by  waterborne  transportation  competi¬ 
tion,  while  most  waterborne  crude  petroleum  shipments  are 
not  suitable  for  diversion  by  pipeline.  This  reflects  the 
relative  costs  and  comparative  advantages  of  each  mode. 

In  general,  if  it  is  feasible  to  ship  via  pipeline,  crude 
petroleum  movements  will  be  accomplished  by  pipeline.  The 
feasibility  of  shipment  via  pipeline  is  a  financial  in¬ 
vestment  decision,  reflecting  the  cost  of  capital,  the 
scope  and  variability  of  demand,  investment  costs,  and 
other  factors.  Due  to  the  relatively  mature  nature  of  the 
petroleum  distribution  infrastructure,  most  situations 
appropriate  for  pipeline  transportation  of  crude  petroleum 
have  already  been  analyzed  and  exploited.  It  is  only  when 
relatively  large  shifts  in  supply  or  demand  arise  (such  as 
the  development  of  the  Alaskan  North  Slope  oil  fields, 
accompanied  by  growing  crude  petroleum  shortages  in  the 
Midwest  in  the  foreseeable  future)  that  major  new  crude 
petroleum  pipeline  systems  Income  appropriate.  The 
Northern  Tier  Pipeline  is  the  last  major  crude  petroleum 
pipeline  likely  to  be  built  without  massive  new  finds  of 
domestic  petroleum.  Thus,  waterborne  transportation 
serves  a  limited  number  of  primary  end-markets;  direct 
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imports  of  foreign  crude  to  the  United  States  to  be  deli¬ 
vered  at  coastal  por t / r ef i ner y  complexes  and  coastal 
por t /p i pe l i ne  terminals  for  transportation  inland  via 
pipeline,  coastal  shipments  from  Alaska  to  the  West  and 
Gulf  Coasts  from  the  terminus  of  the  Alaskan  pipeline  it 
Valdez,  Alaska,  other  coastal  shipments  along  and  within 
the  Pacific,  Atlantic,  and  Gulf  Coasts  primarily  as  local 
redistribution  moves  of  imported  or  inland  produced  crude 
petroleum,  collection  from  isolated  producing  wells  in  the 
Gulf  Coast  bayous  and  offshore  regions,  and  as  a  peak  load 
transportation  mode  as  an  alternative  to  pipeline  for 
internal  moves  when  pipeline  capacity  or  transmission 
facilities  are  not  available.  In  1977  pipeline  carried 
72%  of  domestic  crude  petroleum  tons,  as  opposed  to  13% 
for  water  on  a  total  of  636,774,800  tons,  while  pipeline 
carried  83%  of  domestic  crude  petroleum  ton-miles,  opposed 
to  16%  for  water  for  domestic  movements,  on  a  total  of 
392,500,000,000  ton-miles.  A  total  of  403,602,331  tons  of 
crude  petroleum  were  imported  by  water  in  1977. 


(b)  Factors  Affecting 
Modal  Choice 


The  most  important  factor  affecting  modal  choice  for 
crude  petroleum  is  the  presence  or  absence  of  a  pipeline. 
Pipelines  are  costly  fixed  investments,  with  large  initial 
investments  offset  by  lower  operating  costs,  which  require 
large,  steady  demands  and  supplies  to  economically  oper¬ 
ate.  High  interest  rates  discourage  new  pipeline  invest¬ 
ments,  and  other  capital  intensive  undertakings,  such  as 
port  facility  expansion.  For  large  steady  flows  between  a 
limited  number  of  originating  and  terminating  stations 
along  a  common  corridor,  pipe,  .ne  transportation  is  less 
expensive  than  barge.  Its  cost  advantage  over  ocean  or 
coastal  tankers  is  not  as  large,  which  accounts  for  the 
absence  of  long  line  haul  coastal  crude  pipelines.  Barge 
serves  demands  not  economically  met  by  pipeline  trans¬ 
portation  in  the  long  run,  and  demands  occurring  from 
short  run  shortfalls  in  pipeline  capacity. 

(c)  Distribution 
System 

_ Developments _ 

The  crude  petroleum  distribution  system  is  relatively 
mature.  The  existing  infrastructure  of  wells  in  producing 
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regions,  gathering  and  trunk  pipelines,  barge  collec¬ 
tion/transportation  equipment,  storage  tank  farms,  refi¬ 
neries,  and  the  associated  investment  in  these  act  to 
retard  sudden  shifts  in  industry  logistics.  Increased 
flows  of  crude  petroleum  from  Alaska  to  the  West  Coast  and 
to  the  Gulf  Coast  have  occurred  since  1977,  when  the 
Alaskan  pipeline  came  onstream.  Crude  movements  from  the 
Gulf  to  the  East  Coast  are  declining  due  to  substitution 
by  direct  imports  and  declining  Texas  and  Louisiana  pro¬ 
duction  levels.  Expected  developments  in  crude  petroleum 
transportation  include  a  Pacific  Coast  to  Upper  Midwest 
crude  pipeline.  Of  four  competing  designs,  the  Federal 
Government  has  approved  the  Northern  Tier  pipeline  con¬ 
sortium  to  attempt  to  secure  financing.  The  Louisiana 
Off-shore  Oil  Port  (LOOP)  is  about  50%  complete  and  is 
expected  to  be  on-line  in  early  1981.  The  Texas  Superport 
is  currently  attempting  to  secure  financial  backing. 

Risks  associated  with  the  above  three  projects  include  the 
effects  on  bond  markets  of  inflation  and  high  interest 
rates . 


WATERBORNE  DEMAND 
PROJECTIONS 


The  Crude  Petroleum  Flow  Model  forecasts  demand  for 
waterborne  flows  of  crude  petroleum  under  macroeconomic 
alternatives,  using  as  inputs  current  waterborne  and  pipe¬ 
line  flow  patterns,  forecasts  of  productions,  imports, 
exports,  supplies  and  consumption  of  crude  petroleum  from 
the  Energy  Model,  and  shifts  in  industry  logistics  and 
distribution  systems  from  the  analysis  of  industry  distri¬ 
bution  and  logistics  systems,  including  pipeline  and  port 
facility  construction  and  expansion  activity,  shifts  in 
relative  modal  costs,  impacts  of  government  regulations 
affecting  production  and  transportation  of  hazardous  mate¬ 
rials  and  environmental  issues  and  other  relevant  factors. 


(a)  Projection  Summary 

By  2003,  total  crude  petroleum  flows  are  51%  higher 
than  in  1977,  spurred  by  119%  increases  in  domestic  traf¬ 
fic  and  38%  increases  in  import  traffic.  The  bulk  of  the 
domestic  flow  increase  results  from  increased  flows  from 
Alaskan  North  Slope  oil  production,  rising  from  .34  mmbd 
in  1977  to  1.6  mmbd  for  1985  to  2003,  a  370%  increase, 
while  the  import  increase  results  from  a  growing  shortfall 
between  domestic  production  and  consumption. 
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(b)  Major  Market 

_ Shifts _ 

The  38%  increase  in  waterborne  crude  oil  imports 
results  from:  (1)  a  25%  increase  forecast  by  the  Energy 

Model  of  both  pipeline  and  waterborne  imports,  (2)  shifts 
in  density  of  imported  oils  as  substitution  toward  heavier 
crudes  as  the  existing  liftings  of  sweet,  light  crude 
decline,  (3)  a  conceptual  difference  between  the  NWS  defi¬ 
nition  of  imports  which  considers  landings  at  the  domestic 
Caribbean  to  be  imports,  while  the  Energy  Model  accepts 
the  DOE  definition  of  imports  as  excluding  landings  at  the 
domestic  Caribbean  as  imports  and  (4)  a  difference  in 
definitions  for  the  landings  of  crude  petroleum  to  Port¬ 
land,  Maine  for  transportation  to  Montreal,  Canada  which 
the  ACOE  defines  as  imports  and  which  the  DOE  ignores.  In 
order  to  maintain  consistency  with  historical  Corps  infor¬ 
mation,  all  these  adjustments  had  to  be  made  to  the  fore¬ 
cast,  resulting  in  a  seemingly  higher  growth  rate.  How¬ 
ever,  most  of  the  differential  over  the  25%  crude  oil 
import  growth  forecast  is  due  to  these  adjustments  in 
data,  not  to  other,  new  demands  for  oil. 


The  domestic  increase  reflects  the  large  increase  in 
Alaskan  North  Slope  production,  and  continued  slow  growth 
in  coastal  flows  for  collection/transportation  and  redis¬ 
tribution  of  imported  and  inland  produced  crudes.  Inter¬ 
nal  traffic  on  the  Mississippi  River  and  tributaries  and 
the  Great  Lakes  also  grows  in  proportion  to  total  demand, 
but  remains  small  flows  due  to  its  low  values  in  1977. 
Competitiveness  of  water  with  pipeline  flows  remains  in 
favor  of  pipe  for  large  concentrated  flows.  The  Northern 
Tier  Pipeline  shifts  flows  from  Alaska  to  the  Gulf,  and 
imports  to  the  Gulf,  for  further  transportation  via  pipe¬ 
line  to  the  Midwest  to  flows  of  Alaskan  and  imported 
crudes  to  the  Pacific  Northwest  {Puget  Sound)  for  further 
delivery  to  the  Midwest  via  pipeline. 


(c)  Waterborne  Flow 
_ D^  alopments 

Tables  V-2,  V-3,  V-4,  and  V-5  present,  respectively, 
domestic  traffic  (tons)  shipped  and  received  by  NWS  Re¬ 
porting  Segment,  domestic  traffic  (tons)  by  NWS  Reporting 
Segment  for  movements  traversing  all  or  part  of  an  inter¬ 
nal  NWS  Reporting  Segment,  domestic  traffic  (ton-miles)  by 
internal  NWS  Reporting  Segment  for  movements  traversing 


all  or  part  of  an  internal  NWS  Reporting  Segment,  and 
foreign  trade  traffic  (tons)  exported  and  imported  by  NWS 
Reporting  Segment. 


Both  imports  and  domestic  movements  are  prominent  in 
crude  petroleum  waterborne  movements  during  the  forecast 
period.  Domestic  movements  of  crude  petroleum  predomi¬ 
nantly  originate  or  terminate  at  relatively  few  locations; 
Baton  Rouge-Gulf,  Gulf  Coast  West,  Middle  Atlantic  Coast, 
Wash i ngton-Oregon  Coast,  California  Coast,  and  Alaska. 
Internal  shipments  of  crude  petroleum  on  the  mainstem 
Mississippi,  Missouri,  Ohio,  Tennessee,  and  Arkansas  are 
primarily  terminations,  with  growth  rates  for  both  origi¬ 
nations  and  terminations  for  1977-1990  ranging  from  .4% 
per  year  to  .9%  per  year,  and  for  1990-2003  ranging  from 
.8%  per  year  to  1.7%  per  year.  Baton  Rouge,  Warrior  River 
system  and  Gulf  Coast  West  ship  and  receive  substantial 
amounts  of  domestic  crude  petroleum  from  local  inland, 
local  bayou,  and  offshore  area  production,  and  also  exhi¬ 
bit  some  redistribution  flows  of  imported  and  inland  pro¬ 
duced  crude  petroleum.  Growth  rates  range  from  .2%  per 
year  to  .8%  per  year  for  1977-1990  and  1.5%  per  year  for 
1990-2003  for  originations  from  these  three  segments, 
while  terminations  range  from  1.6%  per  year  to  1.8%  per 
year  for  1977-1990  and  1.5%  per  year  to  1.6%  per  year  from 
1990-2003  for  these  three  segments.  The  Gulf  Coast  East 
ships  moderate  amounts  of  crude  which  bottom  out  in  1985 
and  then  rise  thereafter  to  2003.  Terminations  decline 
due  to  substitution  by  imports.  The  South  Atlantic,  North 
Atlantic,  and  Great  Lakes  receive  no  domestic  crude,  while 
the  latter  two  segments  also  originate  no  domestic  crude 
shipments.  South  Atlantic  originations  trend  upwards  at 
.7%  for  1977-1990,  and  1.3%  for  1990-2003.  The  Middle 
Atlantic  receives  some  domestic  crude  by  water  from  the 
Gulf,  but  this  flow  is  expected  to  reflect  redistribution 
flows  of  imported  crude  petroleum,  and  trend  upwards  at 
between  .6%  to  .9%  per  year  for  originations,  while  termi¬ 
nations  decrease  to  1985  and  then  rise,  reflecting  the 
declining  Gulf  Coast  shipments,  with  growth  rates  of  -.3% 
per  year  for  1977-1990  and  .9%  per  year  for  1990-2003. 
Domestic  crude  petroleum  shipments  and  receipts  on  the 
West  Coast  are  predominantly  Alaskan  crude  petroleum  move¬ 
ments  although  some  offshore  production  col lect ion/trans¬ 
portation  and  local  inland  and  import  redistribution  flows 
are  also  present.  These  latter  movements  are  more  prev¬ 
alent  along  the  California  Coast  than  along  the  Oregon- 
Washington  Coast.  Alaskan  originations  and  West  Coast  and 
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Columbia-Snake  Waterway  terminations  of  crude  petroleum 
flows  rise  at  between  7.8%  per  year  and  18.4%  per  year  for 
1977-1990,  the  higher  figure  for  the  Washington-Oregon 
Coast  reflecting  increased  shipments  of  Alaskan  crude  to 
the  Northern  Tier  Pipeline,  and  the  lower  figure  for  the 
California  Coastline  reflecting  previously  existing 
domestic  waterborne  movements  of  crude  petroleum  which 
fail  to  rise  at  as  rapid  a  pace  as  the  Alaskan  recep¬ 
tions,  with  low  mixed  growth  rates  for  1990-2003,  re¬ 
flecting  Alaskan  production  having  reached  full  levels  of 
1.6  mmbd  in  1985.  Alaskan  terminations  and  West  Coast  and 
Columbia-Snake  Waterway  originations  of  crude  petroleum 
generally  exhibit  low  growth  rates  of  less  than  1%  per 
year  for  1977-1990  and  for  1990-2003,  with  Alaskan  termi¬ 
nations  rising  at  3.1%  per  year  for  1977-1990  due  to  dis¬ 
placement  of  imported  crude  petroleum.  Partial  substitu¬ 
tion  of  Alaskan  crude  for  imports  to  Hawaii  accounts  for 
the  high  growth  rate  for  receipts  of  domestic  movements  to 
Hawaii  for  the  1977-1990  period,  while  domestic  movements 
to/from  the  domestic  Caribbean  are  expected  to  hold  steady. 


Tonnage  and  ton-mile  changes  for  domestic  movements  of 
crude  petroleum  traversing  internal  NWS  Reporting  Segments 
generally  reflect  the  previously  discussed  originated  and 
terminated  tonnage  changes,  with  domestic  traversing  ton¬ 
nage  changes  and  ton-mile  changes  generally  similar  to  one 
another,  and  generally  between  the  growth  rates  of  the 
segments'  originated  and  terminated  traffic  tonnages 
changes.  Exceptions  to  this  include  the  Gulf  Coast  East, 
where  traffic  moving  through  the  segment  maintains  tonnage 
and  ton-miles  in  the  face  of  declining  originations  and 
terminations  for  domestic  traffic. 


Foreign  trade  in  crude  petroleum  is  predominantly 
imports,  with  the  United  States  being  a  substantial  net 
importer  of  crude  petroleum.  Exports  of  crude  petroleum 
are  small,  and  are  predominantly  located  along  the  Gulf 
Coast  and  the  Middle  Atlantic  Coast.  These  flows  are 
expected  to  decline  at  approximately  3%  per  year  during 
the  forecast  period.  The  Alaskan  exports  exhibited  in 
1977  are  not  expected  to  continue.  The  primary  receivers 
of  imported  crude  petroleum  are  the  Baton-Rouge-Gulf  and 
Gulf  Coast  West  segments,  which  grow  at  2.1%  per  year  for 
1977-1990  and  1.6%  per  year  for  1990-2003.  This  reflects 
the  substantial  share  of  refinery  capacity  located  through 
the  Gulf  Coast  region  or  accessible  via  crude  petroleum 
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pipeline  from  the  Gulf  Coast.  Smaller  flows  are  received 
by  the  Gulf  Coast  East,  reflecting  the  small  number  of 
refineries  located  in  this  region,  with  growth  rates  for 
1977-1990  of  .9%  per  year  and  1.5%  per  year  for  1990- 
2003.  Substantial  flows  are  received  at  the  Middle  At¬ 
lantic  Coast  with  growth  rates  of  .9%  for  1977-1990  and 
.8%  for  1990-2003,  reflecting  low  petroleum  product  demand 
growth  for  the  Middle  and  North  Atlantic  states.  The 
domestic  Caribbean  increases  steadily  with  growth  rates  at 
1.3%  per  year  for  1977-1990  and  .6%  per  year  for  1990- 
2003.  The  North  Atlantic  coast  receipts  of  imported  crude 
petroleum  are  destined  for  refineries  in  Montreal,  Canada 
and  are  not  related  to  changes  in  the  United  States  eco¬ 
nomy.  They  reflect  increasing  growth  in  eastern  Canadian 
petroleum  product  demand,  shortfalls  in  supply  of  western 
Canadian  crude  via  transcontinental  pipeline,  and  pro¬ 
spects  of  commercially  recoverable  crude  petroleum  dis¬ 
coveries  in  the  Canadian  Atlantic  offshore  waters.  The 
Washi ngton-Oregon  Coast  receipts  of  imported  crude  petro¬ 
leum  exhibits  decline  to  1980,  with  growth  to  1995,  and 
constant  thereafter,  with  growth  rates  of  7.4%  per  year 
for  1977-1990  and  1.1%  per  year  for  1990-2003.  These 
changes  reflect  demands  for  crude  for  the  Northern  Tier 
Pipeline,  and  some  imports  of  sweet,  low  sulphur  crude  to 
the  Puget  Sound  refineries.  The  California  Coast  declines 
from  1977  to  1980,  reflecting  the  same  displacement  of 
imports  by  Alaskan  crude  exhibited  by  the  Oregon- 
Washington  Coast,  followed  by  steady  demand  for  sweet,  low 
sulphur  crudes.  Imports  to  Alaska  are  expected  to  be  dis¬ 
placed  by  increased  Alaskan  production,  while  partial  dis¬ 
placement  of  imports  by  Alaskan  crude  accounts  for  the 
negative  growth  rates  for  imports  to  Hawaii.  Small  flows 
to  the  South  Atlantic  are  expected  to  exhibit  a  downward 
trend,  with  growth  rates  of  -1.8%  per  year  for  1977-1900 
and  -.4%  per  year  for  1990-2003.  Smaller  flows  to  the 
Warrior  River  system  are  expected  to  exhibit  growth  rates 
similar  to  other  importing  segments  like  the  Gulf  Coast 
West  and  Baton  Rouge-Gulf  segments  of  2.1%  growth  per  year 
for  1977-1990  and  1.6%  growth  per  year  for  1990-2003. 


Major  flow  patterns  in  crude  petroleum  are  expected  to 
exhibit  some  shifts  in  the  forecast  period.  Domestic 
flows  from  the  Gulf  Coast  to  the  Middle  Atlantic  Coast  are 
expected  to  be  displaced  by  imports  by  1985.  The  LOOP 
(and  potentially  the  Texas  Superport)  will  enable  the  Gulf 
Coast  to  receive  supertanker  sized  loads  of  crude  petro¬ 
leum  and  act  to  increase  refinery  capacity  concentration 
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through  the  Gulf  Coast  as  t ranspor t a t i on  costs  to  the  Gulf 
Coast  are  reduced.  Increased  Alaskan  crude  production 
displaces  imports  to  Alaska,  and  partially  displaces 
imports  to  Hawaii.  Alaskan  to  Gulf  Coast  crude  flows 
increase  substantially  over  1977  levels  as  Alaskan  produc¬ 
tion  rises  to  its  full  production  level  in  1985,  while 
Alaskan  to  West  Coast  flows  substantially  displace  imports 
for  West  Coast  refinery  operations  except  for  continued 
imports  of  sweet,  low  sulphur  crudes  which  remain  at 
reduced  levels.  The  construction  of  the  Northern  Tier 
pipeline  attracts  large  flows  of  both  Alaskan  and  imported 
crude  petroleum  by  1985,  rising  to  1995  when  full  flows 
through  the  pipeline  are  achieved. 


l  in 


VI 


NON  METALLIC  MINERALS 


INDUSTRY  OUTLOOK 


The  reporting  commodity  Non-Metallic  Minerals  includes 
five  analysis  commodities:  A9  -  sand,  gravel,  and  crushed 
rock;  A10  -  limestone  flux,  calcareous  stone,  and  gypsum; 
All  -  phosphate  rock  and  other  natural  fertilizers;  A12  - 
dry  and  liguid  sulfur;  A13  -  other  non-metallic  minerals. 
Although  combined  into  a  single  reporting  commodity  for 
NWS,  most  non-metallic  minerals  are  not  directly  related 
in  terms  of  production  or  demand.  For  this  reason, 
outputs  from  several  industry  models,  two  Bureau  of  Mines 
forecasts,  and  variables  forecast  by  the  macro-model  of 
the  United  States  economy,  were  all  used  to  produce  the 
waterbone  traffic  demand  projections. 


(a)  Industry 
_ Background 

Because  a  number  of  different  industries  produce  and 
use  non-metallic  minerals,  the  growth  rates  for  various 
non-metallic  minerals  differ  widely.  The  first  analysis 
commodity,  A9,  inclules  sand,  gravel,  and  crushed  rock. 

The  Bureau  of  Mines  reports  that  domestic  production  and 
demand  for  sand  and  gravel  both  fell  around  .5%  per  year 
from  1969  to  1977,  while  production  and  demand  for  crushed 
rock  rose  about  .8%  per  year.  In  1977,  895  million  tons 
of  sand  and  914  million  tons  of  crushed  rock  were 
produced;  97%  of  the  sand  and  gravel  and  90%  of  the 
crushed  rock  was  used  by  the  construction  industry. 


Three  products  with  different  uses  make  up  A10: 
limestone  flux  is  used  in  iron  and  steel  production; 
calcareous  stone  is  used  primarily  to  make  lime  and 
cement;  and  gypsum  is  used  primarily  for  sheet  rock  and 
other  prefabricated  building  materials.  Domestic 
production  of  limestone  flux  declined  sharply  from  a 
record  40.9  million  tons  in  1953  to  22.5  million  tons  in 
1976,  as  the  amount  of  flux  use  I  per  ton  of  steel  produced 
declined.  No  specific  industry  background  can  be  given 
for  calcareous  stone  because  three-quarters  of  all  crushed 
rock  is  crushed  limestone  and  it  is  not  clear  what 
distinguishes  calcareous  stone  from  crushed  limestone. 
Production  from  domestic  gypsum  mines  rose  3.9%  per  year 
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between  1969  and  1977  to  13.4  million  tons,  and  by-product 
gypsum  primarily  from  fertilizer  manufacturing  contributed 
another  .8  million  tons.  Total  domestic  demand  for  gypsum 
rose  3.3%  per  year  between  1969  and  1977  to  20.5  million 
tons . 


Phosphate  rock  is  the  major  commodity  in  All.  Total 
domestic  production  rose  an  average  4.1%  per  year  from 
1969  to  1977,  reaching  52.1  million  tons  in  1977. 

Florida,  North  Carolina,  Tennessee,  Idaho  and  Utah  produce 
phosphate  rock,  with  Florida  accounting  for  approximately 
80%.  In  1977,  63.5%  of  domestic  production  was  used  to 
make  phosphate  fertilizer  for  domestic  and  foreign 
consumption,  27.9%  was  exported  and  8.6%  was  used  to 
produce  industrial  chemicals.  Increasing  domestic  and 
foreign  demand  for  fertilizer  caused  the  growth  in 
phosphate  rock  production.  From  1970  to  1977,  domestic 
phosphate  fertilizer  application  measured  in  tons  of  P205 
rose  3.0%  per  year,  phosphate  rock  exports  grew  4.3%  per 
year,  and  combined  exports  of  superphosphates,  ammonium 
phosphates,  and  phosphoric  acid  grew  15.1%  per  year.  The 
detergent  industry  is  the  major  non-agr icultural  use  of 
phosphates;  its  demand  is  expected  to  remain  relatively 
constant  as  rising  demand  for  low  phosphate  detergents  (in 
response  to  water  pollution  problems)  offsets  increases  in 
detergent  production 


(b)  National  and 
Reg iona 1 
Forecasts 

Table  VI-I  presents  the  baseline  industry  forecasts 
and  macro-economic  variables  used  in  making  waterborne 
traffic  demand  projections.  The  sand,  gravel,  and  crushed 
stone  forecasts  were  produced  by  a  model  relating  demand 
to  construction  activity,  and  the  phosphate  fertilizer 
forecast  was  produced  by  a  model  of  the  agriculture 
industry.  Forecasts  of  phosphate  rock  production  and 
sulfur  demand  were  made  by  the  United  States  Bureau  of 
Mines . 


Industry  forecasts  of  sulfur  and  phosphate  rock 
warrant  special  attention.  Restrictions  on  sulfur 
emissions  are  expected  to  increase  the  amount  of  recovered 
sulfur  produced,  slowing  increases  in  sulfur  prices  and 
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encouraging  new  uses  like  siilfur-asph.ilt  paving  and  sulfur 
concrete.  New  uses  plus  growth  in  fertilizer  production 
account  for  the  strong  growth  in  sulfur  demand.  The 
demand  for  phosphate  fertilizer  will  grow  despite  the 
forecast  decline  in  phosphate  rock  production;  as  a 
result,  phosphate  rock  exports  will  decrease  after  1985. 


(c)  Key  Industry 
_ Developments 


The  major  non-metal  1 ic  mineral  industry  developments 
are  largely  a  result  of  environmental  regulations.  Air 
pollution  standards  limiting  sulfur  emissions  coupled  with 
a  limited  supply  of  natural  sulfur  deposits  will  lead  to 
increased  production  of  recovered  sulfur;  the  recovered 
sulfur  share  of  domestic  production  is  expected  to 
increase  from  approximately  50%  to  75%.  Phosphate  rock 
production  in  Central  Florida  is  projected  to  decrease 
after  1985  largely  because  pollution  and  land-use 
regulations  restrict  the  ability  to  open  new  mines  or 
expand  existing  ones.  Finally,  restrictions  on  dredging 
will  continue  to  reduce  the  amount  of  sand  and  gravel 
obtained  from  rivers  and  lakes. 


DISTRIBUTION  SYSTEM 


The  distribution  systems  of  non-metallic  minerals  vary 
by  commodity.  Some  nonmetallic  minerals  are  produced  and 
consumed  in  a  large  number  of  locations  with  flows  subject 
to  vigorous  modal  competition;  other  minerals  are  mined, 
shipped,  and  used  by  large  integrated  corporations,  and 
for  these  flows  modal  competition  is  much  less  an  issue. 
Because  of  these  differences  this  section  will  consider 
the  role  of  water  transportation,  factors  affecting  modal 
choice,  and  distribution  system  developments  for  each 
major  non-metallic  mineral  separately. 


(a)  Role  of  Water 
_ Transpor tat  ion 


Trucks  carry  most  sand,  gravel  and  crushed  rock.  In 
1977  internal  barge  traffic  totalled  48.8  million  tons,  a 
substantial  amount  but  only  2.7%  of  domestic  production, 
while  Class  I  railroad  traffic  totalled  77.0  million 
tons.  The  barge  share  decreased  from  1969  to  1977; 
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although  production  grew  slightly  internal  barge  traffic 
fell  3.5%  per  year.  Most  sand,  gravel  and  crushed  rock  is 
used  in  construct  ion;  most  traffic  is  short-haul  because 
supplies  are  widely  available  and  transportation  costs 
make  up  a  large  percentage  of  total  costs.  Sand,  gravel, 
and  crushed  rock  move  on  most  waterway  segments;  flows  in 
1977  were  heaviest  on  the  Ohio  River,  the  Atlantic  Coast 
from  Chesapeake  Bay  to  New  York  and  the  Columbi a/Snake . 
Most  of  the  relatively  small  foreign  trade  is  with  Canada; 
in  1977,  2.8  million  tons  or  roughly  two-thirds  of  total 

imports  were  waterborne,  but  only  1.5  million  tons  or 
about  one-fifth  of  total  exports  were  waterborne. 


Waterborne  traffic  in  limestone  flux,  calcareous 
stone,  and  gypsum  originates  primarily  in  Michigan 
quarries  along  Lake  Huron  and  moves  via  the  Great  Lakes  to 
steel,  cement,  and  wallboard  plants.  Often  one 
corporation  controls  mining,  shipping,  and  manufacturing. 
Lakewise  traffic  in  limestone  flux  and  calcareous  stone 
decreased  1.8%  per  year  between  1969  and  1977  to  26.9 
million  tons,  while  lakewise  gypsum  flows  increased  4.3% 
per  year  to  1.1  million  tons  or  7.8%  of  1977  domestic 
product  ion . 


About  80%  of  phosphate  rock  is  mined  in  Florida;  the 
largest  waterborne  flows  are  exports  from  Florida  and 
coastwise  shipments  to  Gulf  Coast  fertilizer  plants, 
mainly  in  the  Baton  Rouge-New  Orleans  region.  In  1977, 
Florida  produced  around  42  million  tons  of  phosphate 
rock.  About  33  million  tons  were  loaded  on  rail  cars, 
mostly  for  trips  to  nearby  fertilizer  plants  or  to  ship 
and  barge  loading  terminals.  Ships  loaded  13.5  million 
tons  for  export,  and  ships  and  barges  moved  8.3  million 
tons  to  Gulf  Coast  destinations,  including  6.9  million 
tons  to  the  Baton  Rouge-New  Orleans  area.  Gulf  Coast 
fertilizer  plants  used  most  phosphate  rock,  although  .8 
million  tons  were  loaded  onto  river  barges  for  shipment  to 
inland  fertilizer  and  chemical  plants.  Between  1969  and 
1977  flows  from  Florida  to  Lower  Mississippi  ports 
increased  10.8%  per  year  and  exports  rose  4.3%  per  year, 
but  between  1973  and  1977  barge  shipments  from  Lower 
Mississippi  ports  to  docks  on  the  Illinois  and  Upper 
Mississippi  Rivers  fell  10.8%  per  year. 


Sulfur  is  shipped  in  two  forms,  molten  and  dry.  Most 
tamest ic  waterborne  shipments  are  molten,  but  all  foreign 
Mm  le  shipments  are  dry  to  avoid  the  cost  of  keeping  the 
sulfur  heated  on  long  trips.  Domestic  waterborne  traffic 
consists  mainly  of  internal  flows  a  Long  the  Gulf- 
Intracoastal  Waterway  and  coastwise  shipment  from  Texas 
and  Louisiana  to  the  Tampa  region  where  phosphate  ferti¬ 
lizer  plants  consume  Large  quantities  of  sulfur.  In  1977, 

; nternal  and  coastwise  flows  of  molten  sulfur  totalled  8.3 
million  tons,  equa L  to  77.6%  of  domestic  production.  From 
1969  to  1976  coastwise  molten  sulfur  shipments  grew  4.2% 
per  year  while  internal  shipments  fell  1.6%  per  year. 
During  *-he  same  period,  exports  of  dry  sulfur  fell  3.4% 
per  year  and  imports  grew  1.9%  per  year  as  increasing 
.Lamest  ic  demand  changed  the  United  States  from  a  net 
exporter  to  a  net  importer  of  sulfur. 

Domestic  waterborne  salt  traffic  originates  mainly  in 
Louisiana  west  of  the  Mississippi  River,  with  smaller 
amounts  originating  on  Lake  Erie,  Lake  Michigan  and  San 
Francisco  Bay.  In  1977,  the  waterborne  tonnage  originated 
in  these  four  areas  totaLLed  5.8  million  tons  or  13.5%  of 
lomestic  production,  and  waterborne  imports  accounted  for 
another  3.1  milLion  tons.  Most  of  this  sale  is  rock  salt 
used  to  produce  chemicals  to  melt  ice  on  roads.  Major 
inland  destinations  for  barge  traffic  include  the  Illinois 
River  (l.l  million  tons  in  L977)  and  the  Upper  Mississippi 
and  Middle  Ohio  Rivers  (.5  million  tons  each). 


(b)  Factors 

Affecting  Modal 
_ Cho i ce _ 

Price  is  the  major  factor  affecting  modal  choice  for 
non-metallic  minerals  because  most  are  low-value  bulk 
commodites,  making  inventory  costs  a  relatively  low 
percentage  and  transportation  costs  a  high  percentage  of 
total  costs.  Sand,  gravel  and  crushed  rock  is  an 
exception;  trucks  dominate  this  traffic  because  service  is 
often  important,  most  movements  are  short-haul,  and 
because  shipments  patterns  change  frequently  as 
construction  projects  begin  and  end.  Railroads  carry  over 
half  the  sand  and  gravel  used  in  metal  casting, 
glass-making,  and  other  industrial  processes  because  this 
traffic  is  longer-haul  and  shipment  patterns  more  fixed. 
Barges  carry  sand  and  gravel  primarily  when  these  com¬ 
modities  are  produced  by  dredging. 


Truck  traffic  in  limestone  used  for  cement  and  steel 
production  is  generally  limited  within  quarries  and  feeder 
service  for  rail  and  water,  although  trucks  serve  nearby 
cement  and  steel  plants  directly.  Where  possible,  quar¬ 
ries  and  plants  are  located  to  take  advantage  of  low  cost 
waterborne  transportation,  as  witnessed  by  the  large  num¬ 
ber  of  quarries  and  cement  plants  along  the  Great  Lakes. 


Modal  choice  for  phosphate  rock  shipments  involves 
pro. action  decisions.  The  two  major  alternatives  are:  1) 
shipping  phosphate  rock  by  water  from  Florida  to  Louisiana 
fertilizer  plants  and  fertilizer  by  barge  from  Louisiania 
to  the  Corn  Belt,  or  2)  manufacturing  fertilizer  in 
Florida  and  shipping  it  by  rail  to  the  Corn  Belt. 
Production  of  phosphate  and  fertilizer,  as  well  as  the 
distribution  of  fertilizer  are  often  controlled  by  single 
corporat ions ,  and  the  modal  choice  is  generally  made  as 
part  of  an  overall  production/distribution  strategy. 


For  other  major  non-metallic  minerals,  production 
location  is  a  key  factor.  Waterborne  transportation  is 
generally  used  for  long  hauls  when  available,  with  rail¬ 
roads  providing  long-haul  competition  and  trucks  serving 
mainly  a  distribution  role. 


( c )  Distribution 
System 

_ Deve lopments 

Changes  are  expected  in  the  distribution  systems  of 
sand  and  gravel,  sulfur  and  phosphate  rock.  Env i ronmenta 1 
restrictions  on  dredging,  the  use  of  pipelines  to  bring 
sand  and  gravel  ashore  and  increasing  competition  from 
truck-served  land  quarries  will  cause  a  decline  in  inter¬ 
nal  barge  shipments  despite  increasing  truck  costs, 
although  a  shortage  of  supplies  in  the  eastern  Great  Lakes 
region  should  produce  steady  growth  in  lakewise  traffic. 


The  sulfur  distribution  system  will  change  more 
dramatically.  Rising  demand  for  sulfur,  limited  Frasch 
sulfur  production  capacity,  and  environmental  restrictions 
on  sulfur  emissions  will  combine  to  give  recovered  sulfur 
an  increasing  market  share.  Because  production  of 
recovered  sulfur  is  decentralized  and  recovered  sulfur  has 
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traditionally  been  shipped  by  rail,  the  rail  share  of 
sulfur  transportation  will  increase;  from  1969  to  1977, 
Class  l  rail  shipments  increased  4.7%  per  year  while 
internal  waterborne  shipments  decreased  1.6%  per  year. 


Phosphate  rock  shipments  to  inland  fertilizer  plants 
will  continue  their  steep  decline  and  disappear  in  the 
1990s  as  rising  t r anspor t a t i on  costs  force  fertilizer 
firms  to  locate  production  facilities  near  the  sources  of 
raw  materials. 


WATERBORNE  DEMAND 
PROJECTIONS 


The  non-metallic  mineral  traffic  models  were  based 
primarily  on  national  production  and  demand  forecasts  so, 
in  most  cases,  waterborne  traffic  demand  was  projected  by 
traffic  class  and  allocated  to  segments  on  the  basis  of 
past  shares.  Where  stable  historical  relationships 
existed,  macroeconom i c  variables  were  used  to  project 
waterborne  traffic.  Whenever  regional  production,  demand 
or  mode  share  information  was  available,  this  data  was 
used  to  check  and,  if  necessary,  modify  the  demand 
project  ions . 


( a )  Summary 


Non-metallic  mineral  traffic  will  decline  on  most 
segments  between  1977  and  2003;  Table  VI-2  shows  increases 
on  only  5  of  22  domestic  segments.  The  Ohio  River  and 
Middle  Atlantic  Coast  lose  the  most  tonnage,  the  result  of 
decreasing  sand  and  gravel  shipments.  Heaviest  traffic 
and  strongest  growth  is  on  the  Great  Lakes;  shipments 
increase  36.7  million  tons  and  receipts  37.2  million  tons 
primarily  because  of  growth  in  sand  and  gravel  and 
limestone  traffic. 


(b)  Major  Market 
Shifts 


Two  major  market  shifts  are  expected.  As  a  result  of 
dredging  restrictions,  barges  will  continue  to  lose  sand 
and  gravel  traffic  to  trucks.  Even  though  the  barge 
market  share  and  the  rate  of  decline  in  barge  tonnage  are 
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both  small,  this  shift  still  amounts  to  a  major  loss  in 
terms  of  tonnage. 


The  second  shift  involves  sulfur.  Railroads  currently 
carry  a  large  share  of  recovered  sulfur,  while  barges 
carry  most  Frasch  sulfur.  As  the  share  of  production 
supplied  by  recovered  sulfur  increases,  the  rail  share 
will  increase  as  well.  Waterborne  sulfur  traffic  will 
grow,  but  at  a  slower  rate  than  the  increase  in  production 
or  demand. 


(c)  Waterborne  Flow 

_ Changes _ 

In  addition  to  the  Great  Lakes  traffic  mentioned 
previously,  traffic  on  several  other  segments  shows  steady 
growth.  Phosphate  rock  shipments  from  the  Gulf  Coast  East 
to  the  Baton  Rouge  area  and  sulfur  shipments  from  the  Gulf 
Coast  West  to  Baton  Rouge  and  Florida  grow  to  meet  the 
rising  demand  for  phosphate  fertilizer.  In  foreign  trade 
(Table  VI-5),  the  most  striking  change  is  the  10.8  million 
ton  decline  in  Gulf  Coast  East  exports  from  1985  to  2003. 
The  increasing  domestic  demand  for  fertilizer  plus 
decreasing  phosphate  rock  production  in  Central  Florida 
cause  this  drop.  Because  much  non-metallic  mineral 
traffic  is  short-haul,  there  is  relatively  little  through 
traffic  compared  to  shipments  and  receipts;  for  this 
reason,  the  trends  in  total  domestic  traffic  (Table  VI-3) 
closely  resemble  trends  in  domestic  shipments  and 
receipts.  In  most  cases,  the  rates  of  change  in  ton-miles 
follow  tonnage  trends,  but  on  the  Ohio,  a  33.0%  drop  in 
tonnage  leads  to  a  9.7%  in  ton-miles,  because  most  of  the 
traffic  is  short-hauled  sand  and  gravel  shipments. 


T  able  VI  . 
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FOOD  AND  KINDRED  PRODUCTS 


INDUSTRY  OUTLOOK 

Food  and  kindred  products  comprise  a  wide  range  of 
products  for  direct  human  consumption  (meat,  canned  goods, 
wine,  etc.)  and  for  input  to  further  processing  (flour, 
meal,  oils,  animal  feeds,  etc.).  The  National  Waterway 
Study  food  and  kindred  product  forecasts  were  developed 
for  three  component  groups  -  vegetable  oils,  grain  mill 
products,  and  other  food  products.  Vegetable  oil  and 
grain  mill  product  production  and  exports  are  related  to 
activity  in  domestic  and  foreign  demand  markets  as  well  as 
production  and  prices  of  raw  materials  such  as  wheat, 
soybeans,  and  corn.  Other  food  products  are  forecast 
based  on  population,  disposable  income  and  the  other 
determinants  of  consumption  activity. 


(a)  Industry 
_ Background 

1.  Vegetable  Oils.  Soybean  oil  and  cottonseed 
oil  are  the  major  vegetable  oils  produced  in  the  United 
States  as  a  product  of  the  oilseed  crushing  industry. 
Soybean  oil  production  grew  from  2.6  million  tons  in  1965 
to  4.4  million  tons  in  1977  (5.7  million  tons  in  1979). 
Cottonseed  oil  production  amounted  to  630  thousand  tons  in 
1977,  down  from  987  thousand  tons  in  1965,  but  consistent 
with  levels  through  the  1970s.  Exports  play  a  strong  role 
in  both  markets,  with  soybean  oil  exports  equalling  1.3 
million  tons  in  1979  (21.9%  of  production)  and  cottonseed 
oil  exports  equal  to  317  thousand  tons  (50.2%  of 
production).  In  each  case,  the  export  share  is  higher 
than  the  average  during  the  early  1970s.  The  United 
States  also  imported  over  1  million  tons  of  vegetable  oils 
in  1977,  almost  double  the  level  of  the  beginning  of  the 
decade . 


2.  Grain  Mill  Products.  The  largest  components 
of  grain  mill  products  -  at  least  from  a  waterways 
perspective  -  are  oilseed  meals,  flour,  and  prepared 
animal  feeds.  Production  of  soybean  meal,  the  largest 
component,  more  than  doubled  between  1965  and  1979  (11.5 
million  tons  to  25.0  million  tons),  while  exports  were 
enjoying  a  three-fold  increase  (from  2.2  million  tons  to 
6.7  million  tons)  -  26.8%  of  production.  Much  of  this 
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increase  in  soybean  meal  production  came  from  the 
development  of  crushing  plants  in  the  prime  growing  areas 
of  Iowa  and  Illinois. 

Flour  production  was  very  stable  through  the 
1960s  and  early  1970s,  staying  in  the  12.2-12.9  million 
ton  range  from  1965  through  1975  before  increasing  to  14.2 
million  tons  in  1979.  Exports  of  flour  amounted  to  1.0 
million  tons  in  1979  (7.4%  of  production)  up  roughly  50% 
from  mid-1970s. 

Exports  of  prepared  animal  feeds  reached  1.2 
million  tons  in  1977  after  fluctuating  between  750 
thousand  and  950  thousand  tons  per  year  between  1965  and 
1975.  No  separate  data  concerning  production  of  animal 
feeds,  which  range  from  mixed  cattle  feeds  to  dog  food,  is 
avai lable . 


3.  Other  Food  Products.  The  Federal  Reserve 
Board  industrial  production  indices  for  food  and  kindred 
products  grew  at  a  3.4%  annual  compound  rate  from  1965  to 
1977.  During  this  same  period,  real  consumer  expenditures 
on  food  increased  almost  2%  per  year,  while  food,  feed, 
and  beverage  imports  were  growing  at  1.9%  per  year,  and 
exports  increased  at  5%  per  year. 


(b)  National  and 
Regional 
Forecasts 


1.  Vegetable  Oils.  Soybean  oil  production  is 
projected  to  increase  by  92%  between  1977  and  2003, 
reaching  8.5  million  tons  at  the  end  of  the  forecast 
period.  Soybean  oil  exports  grow  by  only  57.6%  between 
1977  an  2003,  due  to  slower  growth  in  the 
non-soybean-based  components. 

Vegetable  oil  imports  are  projected  to  increase 
by  139%  between  1977  and  2003,  reaching  2.4  million  tons 
at  the  end  of  the  forecast  period.  Between  1969  and  1977, 
the  Atlantic  Coast  share  of  vegetable  oil  imports  fell 
from  60%  to  31%,  while  the  Pacific  Coast  and  Gulf  Coast 
gained  share  (from  22%  and  15%  respectively  in  1969  to 
30%-35%  in  1976-1977).  This  regional  shift  is  expected  to 
continue  in  the  forecast  period,  with  the  Pacific  and  Gulf 
Coast  shares  reaching  40%  and  the  Atlantic  Coast 
accounting  for  only  20%  in  2003. 
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2. 


Grain  Mill  Products.  Soybean  meal  production 


is  forecast  to  increase  86.4%  between  1977  and  2003  (19.1 
million  tons  to  35.6  million  tons),  with  exports 
accounting  for  6.9  million  of  the  9.7  million  ton  increase 
in  supplies.  Total  grain  mill  product  exports  increase  by 
132%  between  1977  and  2003  (a  2.9%  per  year  compound 
growth  rate)  spurred  by  even  more  rapid  growth  in  prepared 
animal  feeds.  The  Gulf  share  of  grain  mill  product 
exports,  which  grew  from  55%-57%  in  the  early  1970s  to 
82.4%  in  1977  at  the  expense  of  all  other  coastal  areas, 
is  expected  to  level  off  in  the  forecast  period  -  in  part 
due  to  market  saturation  (82%  is  hard  to  improve  upon), 
and  in  part  because  of  the  relatively  rapid  growth  of 
Southeast  soybean  production  which  should  spur  export 
activity  on  the  Atlantic  Coast. 

3.  Other  Food  Products.  The  industrial 
production  index  for  food  and  kindred  products  is 
projected  to  increase  97%  over  the  forecast  period, 
spurred  by  a  66.8%  increase  in  constant  dollar  consumer 
expenditures  on  food  and  a  228%  increase  in  constant 
dollar  food,  feed,  and  beverage  exports.  Food,  feed,  and 
beverage  imports  grow  at  a  compound  annual  rate  of  3.5%, 
increasing  by  160%  between  1977  and  2003. 

(c)  Key  Industry 

_ Developments 


The  forecasts  described  above  relate  to  potential 
shifts  in  dietary  patterns  and  world  living  standards. 

The  growth  of  foreign  trade  in  general  and  feed-related 
exports  in  particular  during  the  forecast  period  is  based 
on  a  steadily  improving  standard  of  living  abroad  and 
consequent  increases  in  meat  consumption  and  feed  demand. 
Continued  concentration  of  wealth  in  low  population  areas 
and  a  prolonged  slowdown  in  the  world  economy  could  post¬ 
pone  this  phenomenon  and  reduce  food  and  feed  exports. 


A  second  risk  to  the  forecasts  is  supply-related.  The 
grain  mill  product  and  vegetable  oil  projections  described 
above  are  based  on  the  relatively  optimistic  agriculture 
scenario  described  in  the  discussion  of  farm  products 
forecasts  elsewhere  in  this  report.  If  the  United  States 
cannot  achieve  the  projected  agricultural  production 
levels,  then  exportable  surpluses  of  processed  food 
products  will  be  lower  than  described  above. 


DISTRIBUTION  SYSTEMS 


The  distribution  system  analysis  for  food  and  kindred 
products  focuses  on  the  role  of  waterborne  transportation 
in  food  and  kindred  delivery  system. 


(a)  Role  of  Water 
_ Transportation 

1.  Vegetable  Oils.  Waterborne  transportation  of 
vegetable  oils  is  overwhelmingly  oriented  toward  foreign 
trade.  First,  the  1.4  million  tons  of  waterborne  exports 
and  1.0  million  tons  of  imports  accounted  directly  for 
two-thirds  of  the  total  waterborne  demand  in  1977.  In 
addition,  a  large  share  of  domestic  waterborne  transporta¬ 
tion  of  oils  involves  the  collection  or  distribution  of 
impor t/expor t  traffic.  For  example,  domestic  soybean  oil 
unloadings  at  Lower  Mississippi  River  ports  accounted  for 
680  thousand  tons  of  853  thousand  tons  (80%)  of  inland 
waterway  barge  traffic,  and  local  traffic  in  the  New  York 
Harbor  area,  which  results  from  oil  imports  in  that  area, 
accounted  for  another  262  thousand  tons. 

2.  Grain  Mill  Products.  The  role  of  water 
transportation  in  grain  mill  product  distribution  systems 
is  similar  to  that  described  for  oils  above.  Thus,  57.2% 
of  total  waterborne  transportation  demand  for  grain  mill 
products  in  1977  was  accounted  for  by  exports.  Addition¬ 
ally,  5.8  million  tons  out  of  6.5  million  tons  of  domestic 
inland  barge  traffic  were  unloaded  at  Lower  Mississippi 
River  ports. 

The  relatively  minor  remaining  flows  include  a 
very  stable  200-250  thousand  tons  moving  lakewise  on  Lake 
Michigan  and  flows  of  150-200  thousand  tons  destined  for 
the  Tennessee  River,  Hawaii,  and  Puerto  Rico. 

3.  Other  Food  Products.  Waterborne  traffic 
activity  in  other  food  products  also  has  a  heavy  foreign 
trade  orientation,  as  well  as  a  significant  volume  of 
traffic  between  the  United  States  mainland  and  domestic 
offshore  areas  (Hawaii,  Puerto  Rico,  and  Alaska).  In  1977, 
imports  of  12.1  million  tons  directly  accounted  for  over 
50%  of  waterborne  tonnage  of  other  food  products.  Imports 
covered  a  wide  variety  of  products  including  sugar  (5.7 
million  tons),  molasses  (2.1  million  tons),  and  alcoholic 
beverages  (1.0  million  tons).  Exports,  including  tallow 
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and  animal  by-products  (710  thousand  tons),  accounted  for 
an  additional  4.5  million  tons,  or  18.6%  of  waterborne 
traffic.  This  foreign  trade  was  distributed  across  all 
port  ranges  including  2.7  million  tons  at  Lower  Missis¬ 
sippi  River  ports,  3.0  million  tons  at  New  York,  and  494 
thousand  tons  at  Southern  California  ports. 

Within  the  Mississippi  River  system,  1.5  million 
out  of  1.9  million  tons  of  barge  traffic  originated  in  the 
Lower  Mississippi  River  area  between  Baton  Rouge,  New 
Orleans,  and  Morgan  City.  Most  of  that  domestic  movement, 
a  third  of  which  was  local  to  the  port  complex,  was  con¬ 
nected  with  import/export  activity.  Other  inland  domestic 
destinations  included  the  Illinois,  Upper  Mississippi,  and 
Missouri  Rivers,  which  accounted  for  410,  165,  and  178 
thousand  tons  respectively  in  1977.  Major  commodities  in 
the  inland  traffic  in  1977  were  sugar  (943  thousand  tons) 
and  molasses  (800  thousand  tons),  and  ice  (454  thousand 
tons )  . 


Finally,  there  were  4.5  million  tons  of  coastwise 
traffic  in  1977,  most  of  which  was  between  the  domestic 
offshore  regions  and  the  mainland.  Thus,  Hawaii  accounted 
for  2.0  million  tons  of  domestic  waterborne  food  and 
kindred  product  shipments  in  1977  (mostly  sugar,  molasses, 
and  prepared  pineapples),  and  855  thousand  tons  of 
receipts  spread  across  a  wide  range  of  consumables.  The 
domestic  Caribbean  shipped  471  thousand  tons  in  1977  and 
received  1.1  millibn  tons,  with  the  latter  again 
representing  non-perishable  consumer  food  items. 


(b)  Factors 

Affecting  Mode 
Choice 


In  the  case  of  the  overwhelming  majority  of  waterborne 
traffic  -  foreign  trade  and  offshore  traffic  -  modal 
choice  is  not  an  issue,  since  the  only  alternative  -  air  - 
is  much  more  costly,  making  it  a  viable  option  only  for 
perishables  traffic.  For  inland  waterway  traffic,  where 
rail  and  truck  options  exist,  decisions  are  based  on  a 
combination  of  factors  including  origin  and  destination 
locations,  cost,  transit  time  and  reliability,  and  other 
commodity-specific  factors. 
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First,  for  grain  mill  products  and  vegetable  oils 
(particularly  soybean  products),  the  concentration  of 
major  processing  facilities  in  the  Upper  Mississippi  River 
basin  (with  its  relatively  direct  waterway  link  to  the 
Gulf)  and  the  export  orientation  of  a  large  share  of  the 
traffic  combine  to  favor  water  transportation  to  Gulf 
export  ports.  Approximately  100%  of  the  growth  in  grain 
mill  product  exports  through  the  1970s  was  directed  to 
Gulf  ports,  and  nearly  all  of  it  was  delivered  by  barge. 
Rail,  on  the  other  hand,  is  favored  for  movements  of  meal 
into  domestic  feeding  areas  such  as  the  Southeast  or 
consuming  areas  for  flour  and  cereals,  where  water 
transportation  is  indirect  or  non-existent. 


Second,  cost  considerations  currently  favor  the  choice 
of  barge  transportation  for  bulk  food  commodities  in 
markets  that  are  served  by  both  rail  and  barge.  While 
railroads  have  developed  some  very  competitive  rates  for 
export  grain  in  major  growing  areas,  rates  on  grain 
products  have  tended  to  be  higher,  even  though  barge  rates 
per  ton  tend  to  be  comparable  between  grain  and  products. 


Transit  times  and  minimum  shipment  sizes  discourage 
use  of  water  transportation  for  the  movement  of  non-bulk 
food  products,  because  of  their  relatively  high  value  (and 
implicit  inventory  costs),  perishability,  and 
non-suitability  for  bulk  loading  and  unloading.  These 
same  factors  often  also  argue  against  choice  of  rail  in 
food  movements. 


One  final  factor  in  modal  choice  which  favors  barge  in 
the  movement  of  grain  mill  products  to  export  ports  has  to 
do  with  their  textural  uniformity,  and  consequent  suita¬ 
bility  for  mid-stream  loading.  Port  congestion  at  Gulf 
ports  puts  a  premium  on  this  technology,  which  demands  no 
vessel  berth  space.  Dust  and  product  integrity  problems 
related  to  loading  and  unloading  grain  mill  products  also 
favor  barge  over  rail,  since  transloading  can  be  more 
readily  accomplished  in  a  single  operation  (barge-to-ship ) 
as  opposed  to  barge-to-storage-to-shi,p )  . 
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(c)  Distribution 
System 

Deve lopments 


Several  industry  factors  could  affect  the  charac¬ 
teristics  of  the  food  and  kindred  product  distribution 
system  and  the  waterborne  traffic  demand  projections  in 
the  following  section.  Foremost,  potential  congestion  at 
Upper  Mississippi  locks  (particularly  at  Locks  and  Dam  26) 
could  inhibit  growth  of  barge  grain  mill  product  traffic. 
The  fact  that  loading  facilities  are  being  improved  just 
below  the  facility  at  Alton  will  soften  this  problem,  but 
a  significant  share  of  river  traffic  in  food  and  kindred 
products  utilizes  Locks  and  Dams  26. 


Second,  rail  deregulation  could  alter  rail  rate 
structures  for  processed  grains  in  water-competitive 
markets  and  encourage  their  movement  by  rail.  While  at 
least  one  shipper  interviewed  for  the  NWS  is  anticipating 
rail  deregulation  by  increasing  truck  and  barge  invest¬ 
ments,  some  of  the  more  interesting  rail  rate  developments 
have  been  for  the  movement  of  processed  grains  to  barge 
terminals,  so  the  impact  could  go  either  way. 


WATERBORNE  DEMAND 
PROJECTIONS 


Projections  of  the  demand  for  waterborne  transporfeaion 
of  food  and  kindred  products  are  built  up  from  separate 
forecasts  for  vegetable  oils,  grain  mill  products,  and 
other  food  products.  As  noted  above,  a  large  share  of 
domestic  waterborne  flows  is  related  to  foreign  trade 
activity  at  Lower  Mississippi  River  ports.  These  flows 
are  projected  based  on  forecasts  of  food  product  imports 
and  exports  at  Lower  Mississippi  River  ports.  The  demand 
for  waterborne  transportation  between  segments  which  are 
not  related  to  foreign  trade  activity  is,  in  general,  held 
at  base  year  levels,  in  line  with  the  historical  flatness 
of  these  flows.  The  exceptions  to  this  rule  include 
"other"  food  products  which  tend  to  be  oriented  toward 
human  consumption,  and  grow  with  population  and  expendi¬ 
tures  on  food. 
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(a)  Summary 

The  demand  for  domestic  waterborne  transportation  of 
food  and  kindred  products  increases  from  15.6  million  tons 
in  1977  to  23.6  million  tons  in  1990  (3.2%  per  year)  on 
the  basis  of  rapid  growth  (4.6%  per  year)  in  grain  mill 
products  and  more  modest  growth  (1.8%  per  year)  in  "other" 
food  products.  Between  1990  ad  2003,  the  demand  for 
domestic  waterborne  transportation  of  food  products  slows 
to  a  1.9%  per  year  annual  rate  of  growth,  reaching  30.0 
million  tons  in  the  latter  year.  This  is  considerably 
slower  than  the  historical  growth  rate  of  6%  per  year 
between  1969  and  1977,  a  growth  rate  which  was  stimulated 
by  9%  growth  in  internal  traffic  for  all  food  products  and 
14.7%  per  year  for  grain  mill  products.  All  three 
components  of  domestic  demand  show  reduced  growth  after 
1990,  with  grain  mill  products  growing  at  2.1%  per  year, 
vegetable  oils  at  1.4%,  and  1.6%  for  "other." 


Waterborne  food  and  kindred  product  imports,  which  are 
dominated  by  the  "other"  component,  grow  by  3%  per  year 
between  1977  and  1990,  and  3.9%  thereafter,  increasing 
from  13.3  million  tons  in  the  base  year  to  32.3  million 
tons  in  2003. 


Waterborne  food  and  kindred  product  exports,  which  are 
dominated  by  grain  mill  products  (9.5  out  of  15.3  million 
tons  in  1977).-  grow  by  3.5%  per  year  to  1990  based  on 
strong  exports  of  meal  and  prepared  feeds.  Between  1990 
and  2003,  waterborne  export  demand  grows  from  24.0  million 
tons  to  30.1  million  tons  (1.7%  per  year),  based  on 
significant  declines  in  growth  rates  for  both  mill 
products  and  vegetable  oils. 


(b)  Major  Market 
Shi  f ts 


Because  of  the  strength  of  growth  of  food  export 
activity  at  the  Gulf,  Lower  Mississippi  River  port 
terminations  continue  to  increase  their  dominance  over 
domestic  waterborne  movements  of  food  and  kindred 
products,  accounting  for  9.7  out  of  14.4  million  tons  of 
new  traffic  demand  between  1977  and  2003.  However,  the 
incredibly  rapid  shift  of  meal  export  markets,  with  barge 
gathering  to  the  Gulf,  during  the  1970s  was  so  complete 
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that  this  area  must  now  depend  on  overall  market  increases 
for  growth,  and  cannot  extract  much  additional  growth  by 
gaining  incremental  market  shares. 


Potential  congestion  at  Locks  and  Dams  26  could 
inhibit  the  waterborne  demand  projections  for  food  and 
kindred  products  in  the  Upper  Mississippi  and  Illinois 
Rivers  before  1990.  These  two  rivers  account  for  1.2 
million  tons  out  of  total  new  domestic  waterborne  traffic 
demand  growth  to  1990  of  7.9  million  tons. 


(c)  Waterborne  Flow 

_ Changes _ 

Tables  VII-2  through  VII-5  present  the  waterborne 
demand  projections  for  food  and  kindred  products.  Table 
VII-2  shows  the  domestic  shipments  and  receipts  for  each 
of  22  reporting  segments.  Table  VII-3  presents  the 
domestic  tonnage  utilizing  each  segment  within  the 
Mississippi  River  system  and  Great  Lakes,  including 
inbound,  outbound,  local,  and  through  traffic.  No  total 
is  presented  in  this  table  because  of  the  implicit 
double-counting  of  flows  utilizing  more  than  one  segment. 
Table  VII-4  exhibits  the  ton-miles  generated  on  each 
segment  for  the  traffic  loading  represented  in  the 
previous  table.  Ton-miles  in  1977  may  differ  from  data 
published  elsewhere  due  to  the  level  of  aggregation  of  the 
NWS  network  used  to  generate  distances.  Projected 
ton-mile  growth  rates  should  be  unaffected.  Finally, 

Table  VII-5  shows  the  projected  food  products  import- 
export  activity  for  each  NWS  reporting  segment.  The  key 
role  of  bulk  food  exports  in  domestic  waterborne  trans¬ 
portation  demand  is  reflected  in  the  projected  growth 
rates  on  the  Mississippi  River  system.  Thus,  receipts  at 
the  Baton  Rouge  to  Gulf  segment  grow  at  4.7%  per  year  to 
1990,  matched  by  a  reduction  of  growth  of  inland  barge 
originations  (e.g.,  2.0%  on  the  Upper  Mississippi  River 
and  2.2%  on  the  Arkansas). 

The  Gulf  orientation  of  inland  barge  traffic  has  other 
interesting  implications.  For  example,  although  only  1.4 
million  tons  of  food  products  (out  of  15.6  million)  were 
shipped  or  received  on  the  Lower  Mississippi  segment 
(Cairo  to  Baton  Rouge)  in  1977,  nearly  half  the  domestic 
food  product  tonnage  used  the  segment  if  through  traffic 
is  included,  and  more  than  half  of  the  Mississippi  River 
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and  Great  Lakes  ton-miles  for  the  product  occur  there  - 
4.9  billion  out  of  9.0  billion  (54.4%).  This  pattern  is 
enhanced  through  the  projection  period,  as  ton-miles  on 
that  segment  grow  at  4.3%  per  year  to  1990,  compared  to 
4.0%  per  year  for  total  domestic  food  product  ton-miles. 


Domestic  waterborne  traffic  demand,  particularly  the 
large  offshore  volumes,  grows  more  slowly  than  on  the 
Mississippi  River  system.  For  example,  shipments  from 
Hawaii  grow  by  2.0%-2.3%  per  year  and  receipts  at  the 
Islands  grow  by  2.4%-2.6%  per  year,  reflecting  the  slower 
growth  of  human  food  products  for  domestic  consumption. 


Food  product  imports  grow  relatively  rapidly  over  the 
forecast  period,  actually  surpassing  food  product  exports 
by  the  year  2000.  Waterborne  demand  projections  for  the 
two  macroeconomic  alternatives  are  included  in  Appendix  B. 
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VIII 


LUMBER  AND  WOOD  PRODUCTS 


INDUSTRY  OUTLOOK 


The  Lumber  and  Wood  Products  Industry  Model 
incorporates  indicators  of  demand  for  lumber  and  plywood 
including  projections  of  the  total  number  of  households, 
housing  starts,  mobile  home  shipments,  expenditures  on 
repairs  and  alterations,  nonresidential  building 
contracts,  and  industrial  production.  These  indicators 
are  combined  with  forecasts  of  lumber  and  wood  use  factors 
which  are  determined  based  on  equations  that  incorporate 
own  price,  substitute  prices,  and  final  product  (e.g.,  a 
house)  as  well  as  technological  change.  Total  lumber  and 
wood  demands  are  forecast  by  combining  the  indicator 
projections  and  the  wood  use  factor  forecasts. 


Regional  production  forecasts  are  determined  by 
dividing  United  States  consumption  over  the  supply  regions 
(including  Canada)  based  on  delivering  prices  in  the  four 
demand  regions  -  Northeast,  North  Central,  South  and  West. 
The  delivered  prices  for  each  region  are  a  function  of 
mill  prices  being  determined  in  large  part  by  manufacturing 
costs . 


(a)  Industry 
_ Background 

The  most  important  factor  in  the  demand  for  lumber  and 
wood  products  is  the  demand  for  housing,  a  highly  volatile 
and  cyclical  market.  In  the  long  run,  however,  steady 
growth  is  evident  for  the  demand  of  lumber  and  wood  prod¬ 
ucts,  disallowing  for  the  peak  and  trough  effects  of  the 
housing  industry.  The  lumber  and  wood  products  industry 
operates  in  a  very  competitive  atmosphere  and  is  often 
viewed  as  the  classic  example  of  pure  competition  since 
there  are  a  large  number  of  relatively  small  producers. 
Entry  and  exit  of  the  market  is  quite  common  because  of 
the  large  numbers.  This  allows  for  a  very  competitive 
price  structure  for  the  product  as  well  as  a  shifting  mix 
and  location  of  producers  over  time. 


Lumber  and  plywood  are  the  key  commodities  in  the 
lumber  and  wood  products  industry,  although  wood  chips. 


143 


fuel  wood,  and  posts  are  also  important  by-products  of  the 
industry.  Log  exports  are  also  a  key  component  of  the 
industry  with  12.4  million  tons  of  logs  exported  in  1977, 
92%  of  which  went  to  Japan.  Major  end-use  markets  for 
lumber  and  plywood,  other  than  housing,  include  non- 
residential  construction,  industrial,  and  repairs  and 
alterations.  The  importance  of  these  three  end-markets 
for  the  entire  industry  has  been  growing  with  respect  to 
the  three  housing  end-markets:  single-family  homes, 
multifamily  homes,  and  mobile  homes.  The  trend  is  ex¬ 
pected  to  continue,  especially  in  light  of  high  mortgage 
rates  which  will  have  an  adverse  effect  on  new  housing 
starts  (if  the  high  rates  are  temporary),  but  should 
bolster  demand  for  lumber  and  wood  products  by  the  repairs 
and  alterations  market. 


(b)  National  and  Regional 
Forecasts 


Softwood  lumber  and  plywood  demand  are  the  key  factors 
forecast  for  the  lumber  and  wood  products  industry. 

United  States  lumber  and  plywood  consumption  made  up  close 
to  50%  of  total  log  consumption  in  1977.  The  demand  fore¬ 
casts  for  lumber  and  plywood,  both  regionally  and  nation¬ 
ally,  are  presented  in  Table  VIII-I,  along  with  waterborne 
export  and  import  projections  for  the  key  commodities. 


Total  lumber  demand  will  grow  from  38.5  million  tons 
in  1977  to  53.4  million  tons  in  2003.  Less  than  half  of 
this  growth  will  occur  in  the  first  part  of  the  period  - 
1977  to  1990  -  averaging  annual  growth  of  1.2%.  The 
average  annual  compound  growth  rate  will  increase  somewhat 
from  1990  to  2003  to  1.4%.  The  majority  of  this  growth  is 
attributed  to  a  significant  increase  in  western  demand  for 
lumber  as  well  as  a  sustained  growth  in  demand  for  lumber 
in  the  South  from  1977  to  2003.  Demand  will  fall  slightly 
in  the  Northeast  and  remain  almost  constant  in  the  North 
Central  region  from  1977  to  1990.  During  the  period  1990 
to  2003,  the  average  annual  growth  rates  for  each  of  the 
four  demand  regions  will  range  between  1.2%  and  1.5%, 
indicative  of  a  resurgence  in  home-building  and  home 
demand. 


Plywood  demand  will  not  fare  as  well,  facing  stiff 
competition  from  waferboards  and  oriented  strandboards . 
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Total  plywood  demand  will  decline  an  average  of  -0.2%  per 
year  from  1977  to  1990,  and  will  decline  an  average  of 
-0.3%  per  year  from  1990  to  2003.  Both  the  Northeast  and 
the  North  Central  will  experience  the  sharpest  declines, 
each  registering  -3.7%  average  annual  rates  of  decline 
from  1977  to  1990.  Similarly,  the  two  regions  will  have 
average  annual  declines  in  demand  of  -1.3%  and  -1.5%, 
respectively.  Both  regions  will  consume  barely  half  of 
their  1977  plywood  consumption  in  2003.  On  the  other 
hand,  plywood  demand  in  the  South  and  West  will  increase 
at  an  average  annual  rate  of  growth  of  1.4%  and  1.5%, 
respectively,  from  1977  to  1990.  After  1990,  however, 
actual  growth  will  be  negligible  out  to  2003. 


Waterborne  exports  of  lumber  and  wood  products  will 
decline  throughout  the  forecast,  averaging  annual  declines 
of  -1.6%  from  1977  to  1990  and  slowing  somewhat  from  1990 
to  2003  to  -0.8%  average  annual  declines.  This  decline 
in  exports  from  22.9  million  tons  in  1977  to  16.6  million 
tons  in  2003  will  be  led  by  a  severe  decline  in  log 
exports.  Log  exports  are  expected  to  fall  an  average  of 
-4.0%  per  year  from  1977  to  1990  and  -0.5%  per  year  from 
1990  to  2003.  The  major  cause  of  this  decline  is  an 
expected  det er i ora t ion  in  Japanese  demand  for  United 
States  logs.  This  phenomena  will  be  discussed  in  more 
detail  in  the  following  section. 


Waterborne  exports  of  wood  chips,  the  other  major 
export  commodity  for  lumber  and  wood  products,  will  grow 
slightly  from  1977  to  1990,  increasing  from  8.2  million 
tons  to  8.6  million  tons.  From  1990  to  2003,  however, 
wood  chips  exports  will  decline  an  average  of  -1.5%  a  year 
to  7.1  million  tons  in  2003.  Lumber  and  plywood  exports 
(only  8.5%  of  total  exports  in  1977)  will  grow  an  average 
of  1.3%  per  year  from  1977  to  1990,  while  staying  rela¬ 
tively  level  from  1990  to  2003,  totalling  2.3  million  tons 
(13.9%  of  total  exports)  in  2003.  On  the  other  hand, 
lumber  and  plywood  comprised  over  67%  of  total  lumber  and 
wood  products  imports  in  1977.  In  most  cases,  these 
imports  represent  fulfillment  of  specialized  needs  and 
supplement  demand  when  necessary.  In  1977,  lumber  and 
plywood  imports  accounted  for  only  9.3%  of  total  demand. 
This  share  is  expected  to  be  maintained  throughout  the 
forecast  period,  reflective  of  their  specialized  usage  in 
the  United  States. 

146 


.  ‘  r-  £&”'■■■■;  '  - 


In  sum,  total  lumber  and  wood  products  demand,  exports 
and  imports  will,  in  the  long  run,  be  largely  stable  with 
slow  constant  growth.  Exceptions  to  this  will  be  lumber 
demand  in  the  West  from  1977  to  1990,  which  will  grow  at 
average  annual  rates  of  2.8%;  log  exports  from  1977  to 
1990,  which  will  decline  at  average  annual  rates  of  -4.0% 
per  year;  and  plywood  demand  in  the  Northeast  and  North 
Central  regions  throughout  the  forecast  period,  which  will 
decline  an  average  of  -2.6%  per  year.  These  exceptions 
are  due  largely  to  changing  demographics  and  are  offset  by 
varying  occurrences  in  other  regions  and  commodities. 

These  industry  developments  will  be  discussed  in  more 
detail  below. 


(c)  Key  Industry 
_ Developments 

Two  factors  which  have  begun  to  impact  the  lumber  and 
wood  products  industry  and  which  will  continue  to  do  so 
throughout  the  forecast  period  are  a  shift  to  southern 
timber  sources  and  a  decline  in  demand  for  logs  by  the 
Japanese.  Both  of  these  developments  will  have  the  affect 
of  significantly  changing  the  industry. 


A  strong  shift  to  production  of  southern  timber  is 
occuring  and  is  expected  to  continue  through  2003. 
Georgia-Pacific  is  moving  its  headquarters  from  Portland, 
Oregon,  to  Atlanta,  Georgia,  a  move  which  exemplifies  the 
renewed  interest  in  southern  timber  as  well  as  a  depletion 
of  western  timber  resources.  A  move  to  southern  produc¬ 
tion  of  lumber  and  wood  products  will  be  a  necessary  out¬ 
come  of  the  move  to  increased  harvesting  of  southern  timber 
due  to  the  fact  that  the  industry  tends  to  locate  close  to 
the  resources  for  maximum  product i vi ty .  The  largest  im¬ 
pacts  of  this  regional  shift  to  the  South  will  be  felt 
primarily  by  the  Pacific  Northwest  producers  of  lumber  and 
plywood.  These  producers  will  be  forced  to  the  South  be¬ 
cause  private  timber  sources  are  plentiful  there  (87.5%  of 
the  total  commercial  timber  inventory)  while  the  Pacific 
Northwest  standing  timber  volume  is  primarily  National 
Forest  owned  (59.7%).  Therefore,  Pacific  Northwest  lumber 
and  wood  products  producers,  working  with  a  dwindling 
forest  stand,  will  generally  supply  the  western  region  in 
the  future  and  the  southern  producing  region  will  supply 
the  Northeast,  North  Central  and  South  regional  demands. 
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The  second  industry  development  will  help  to  offset  the 
Pacific  Northwest's  timber  supply  problem  to  some  degree. 
This  development  will  be  the  decreased  Japanese  demand  for 
United  States  logs  which  will  free  up  some  timber  resources 
for  domestic  consumption.  Japan  is  currently  the  largest 
importer  of  United  States  timber  but  its  own  timber  re¬ 
sources  are  expected  to  increase  dramatically  by  the  turn 
of  the  century  while  housing  construction  will  fall  fol¬ 
lowing  the  bullish  demographics  in  the  early  1980s. 
Therefore,  Japanese  domestic  resources  will  be  relied  upon 
more  heavily  as  the  forecast  period  progresses.  As 
Japanese  demand  for  United  States  logs  falls.  Pacific 
Northwest  resources  should  increase  at  a  similar  rate 
because  this  region  is  the  exclusive  supplier  of  logs  for 
export  to  Japan.  The  effects  of  these  two  key  industry 
developments  on  the  distribution  system  of  lumber  and  wood 
products  will  be  discussed  within  the  Distribution  System 
section. 


DISTRIBUTION  SYSTEM 


Rail  transportation  of  lumber  and  wood  products  has, 
historically,  been  the  predominant  modal  choice  of  the 
industry.  Motor  carriers  have  been  making  significant 
inroads  to  this  market  recently,  however,  largely  due  to 
the  shift  to  a  more  i ntra-r eg ional  distribution  process, 
especially  in  the  West.  Waterborne  distribution  of  these 
products  is  a  relatively  minor  consideration  when  ana¬ 
lyzing  the  distribution  of  lumber  and  wood  products.  Only 
in  the  case  of  imports  and  exports  do  the  waterways  play  a 
major  role  in  the  transportation  of  the  products  to  their 
applicable  end-markets.  This  lack  of  dependence  on  the 
waterways  for  transportation  from  mill  to  end-use  market 
has  been  due,  in  the  past,  to  the  location  of  the  industry 
in  the  Pacific  Northwest  and  the  location  of  the  end- 
markets  predominantly  in  the  North  Central,  Northeast,  and 
the  South.  Although  waterways  have  been  used  in  the  past 
for  this  West  to  East  move  (shipments  from  the  West  Coast 
to  the  East  Coast  via  the  Panama  Canal),  economics  have 
dictated  a  reliance  on  railroad  and  motor  carrier  for  the 
major  transportation  needs.  Future  reliance  on  the 
waterways  may  be  increased,  however,  due  to  the  shift  in 
timber  sources  to  the  South  from  the  West  as  well  as  a 
shift  to  i nt ra-r eg iona 1  distribution  patterns. 
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( a )  Ro 1 e  of  Water 

_ Transpor tat  ion 

As  mentioned  above,  the  waterways  do  not  play  a  major 
role  in  the  distribution  of  lumber  and  wood  products 
domestically.  For  example,  in  1977,  only  0.7%  (0.23 
million  tons)  of  total  United  States  lumber  production  was 
transported  on  the  internal  waterways  while  1.3%  (0.13 
million  tons)  of  total  ^plywood  production  moved  on  the 
inland  waterways.  Coastal  shipments  for  lumber  reached 
1.22  million  tons  in  1977  (3.9%  of  total  production)  while 
coastal  shipments  for  plywood  were  0.11  million  tons  (1.1% 
of  total  production).  Great  Lakes  traffic  displayed  simi¬ 
lar  patterns  to  coastal  and  internal  waterways  traffic 
patterns  in  1977.  Exports,  however,  represented  a  signif¬ 
icantly  higher  percentage  of  lumber  production  and  a  some¬ 
what  higher  percentage  of  plywood  production.  In  1977, 
exports  of  lumber  totaled  1.76  million  tons  (5.7%  of  total 
producton)  while  plywood  exports  totaled  0.17  million  tons 
(1.7%  of  total  production). 


Domestic  and  export  water  movements  of  logs,  on  the 
other  hand,  accounted  for  31.2  millon  tons  of  the  52.8. 
million  tons  of  lumber  and  wood  products  transported  on 
the  waterways  in  1977.  The  majority  of  the  31.2  million 
tons  was  either  rafted  logs  moving  in  the  Pacific  North¬ 
west  (16.3  million  tons  -  52%)  or  export  logs  (12.4 
million  tons  -  40%).  Rafted  logs  are  second-quality  logs 
which  are  primarily  chipped  by  pulp  mills.  The  majority 
of  export  logs  go  to  Japan  where  lumber  is  made  and  con¬ 
sumed  by  the  Japanese  or  sold  to  other  countries,  includ¬ 
ing  the  United  States.  The  Japanese  timber  stand  is 
maturing,  however,  which  may  impact  future  log  exports 
from  this  country. 


(b)  Factors  Affecting 
_ Modal  Choice  _ 

Or ig i n-des t i nat ion  patterns  of  lumber  and  wood 
products  have  a  major  impact  on  modal  choice  as  do  modal 
prices.  In  general,  a  movement  of  products  from  the 
Pacific  Northwest  to  the  Northeast,  North  Central  and 
South  regions  would  be  by  railroad.  For  example, 
according  to  the  Western  Wood  Products  Association^-,  in 
1978,  99.3%  of  coastal  lumber  shipments  to  the  Northeast 
moved  by  rail  while  90.1%  of  coastal  shipments  destined 
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for  the  North  Central  region  were  transported  by  rail. 
Coastal  lumber  shipments  to  the  South  moved  almost 
exclusively  by  rail  in  1978  -  99.3%  of  total  shipments. 

In  the  West,  however,  the  majority  of  coastal  lumber 
shipments  moved  by  truck  -  57.8%  -  while  42.1%  of  the 
total  shipments  from  the  coastal  region  to  the  West  moved 
by  rail. 


Modal  shares  for  shipments  from  the  Inland  region 
(Arizona,  California,  Colorado,  Idaho,  Montana,  New 
Mexico,  Nevada,  Eastern  Oregon,  South  Dakota,  Utah, 

Eastern  Washington,  and  Wyoming)  are  similar  for  termi¬ 
nation  in  the  Northeast  (99.4%  by  rail),  but  are  somewhat 
lower  for  North  Central  terminations  (70.4%  by  rail  and 
29.6%  by  truck)  as  well  as  for  South  terminations  (82.2% 
by  rail  and  17.8%  by  truck).  In  addition,  truck  is  the 
overwhelming  modal  choice  when  shipping  lumber  from  the 
Inland  region  to  the  West  with  trucks  moving  70.7%  of  all 
such  shipments. 

In  the  southern  producing  region,  the  majority  of 
shipments  are  distributed  within  the  region  and  to  the 
Northeast  and  North  Central  regions;  only  a  small  per¬ 
centage  of  shipments  go  to  the  West.  According  to  the 
Southern  Forest  Products  Associat ion^ ,  77%  of  southern 

pine  shipments  were  distributed  by  truck  in  1978  while  23% 
moved  by  railroad.  These  figures,  plus  the  western  modal 
share  estimates  for  the  coastal  and  inland  producing 
regions,  indicate  the  dependence  of  the  industry  on 
distance  for  its  modal  decision. 


(c)  Distribution  System 
_ Developments _ 

Waterways  may  be  relied  on  to  a  greater  extent  in  the 
future  for  the  distribution  of  lumber  and  wood  products 


1  "Destination  of  Shipments  of  Western  Wood  Species  by 
State,"  Western  Wood  Products  Association,  Portland, 
Oregon.  January  16,  1979. 

2  "Distribution  of  Southern  Pine  Shipments,"  Southern 
Forest  Products  association.  New  Orleans,  Louisiana. 
March,  1979. 
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due  to  a  number  of  industry  phenomena.  In  addition, 
lumber  and  wood  products  industry  is  presently  showing  a 
growing  discontent  with  both  the  railroad  and  trucking 
industries.  The  railroads  are  slow  and  inefficient  in  the 
opinion  of  a  number  of  representatives  of  the  forest 
product  industry,  largely  as  a  result  of  poor  railcar 
availability  in  the  Pacific  Northwest.  The  costs  of 
trucking  products  is  also  becoming  a  major  concern  for 
members  of  the  lumber  and  wood  products  industry,  largely 
due  to  increasing  fuel  prices.  Many  of  these  industry 
representatives  feel  that  water  movement  may  be  the  mode 
of  the  future  because  of  its  charater istically  low  cost  of 
operation.  In  light  of  this  perception  on  the  part  of  the 
industry,  an  increase  in  construction  of  facilities 
located  on  the  water  is  expected  both  in  the  South  and  the 
Pacific  Northwest. 


A  shift  to  a  more  regional  marketing  of  products  in 
the  Pacific  Northwest  is  also  expected  to  be  a  factor  in 
the  increased  usage  of  the  waterways.  Competition  between 
truck  and  barge  could  be  of  greater  significance  under  a 
shift  to  regional  movements  due  to  the  fact  that  demand 
for  railroad  services  would  decrease  and  the  remaining  two 
modes  would  be  most  useful  for  the  industry's  short 
hauls.  Coastal  movements  by  barge  may  also  be  advanta¬ 
geous  in  the  future  in  that  they  are  fairly  flexible  and 
inexpensive.  If  fuel  costs  increase  significantly,  there 
would  also  be  an  even  larger  shift  to  barge  in  order  to 
minimize  costs.  Producers  would  most  likely  use  barge  for 
the  largest  part  of  the  trip  when  possible  and  then 
transload  onto  truck  (or  move  by  truck  and  then  transload 
to  barges  for  the  major  part  of  the  trip). 


The  shift  to  southern  timber  resources  will,  in  all 
likelihood,  create  a  number  of  new  opportunities  to  ship 
by  water  which  have  not  exisited  until  now.  The  construc¬ 
tion  of  new  facilities  to  take  advantage  of  the  southern 
resources  and  the  decision  on  where  to  build  the  facili¬ 
ties  will  be  based  largely  on  the  present  transportation 
costs  being  incurred  by  southern  producers.  The  southern 
waterways  offer  a  far  wider  range  of  distribution  patterns 
than  the  Pacific  Northwest  waterways  in  that  they  can 
deliver  products  to  points  in  the  North  Central,  South 
Central,  and  Northeast  regions  of  the  country. 


151 


WATERBORNE  DEMAND 
PROJECTIONS 


The  first  step  in  forecasting  lumber  and  wood  products 
traffic  on  the  waterways  was  to  identify  the  significant 
import/export  flows  in  light  of  the  fact  that  these  flows 
are  the  major  contributors  to  waterborne  demand.  The 
second  step  was  to  aggregate  the  66  analysis  segments  into 
seven  "super  segments."  These  segments  are:  Internal; 
East  Coast;  United  States  Great  Lakes;  West  Coast;  Hawaii 
and  Caribbean;  Imports/Exports;  and  Canadian  Great  Lakes. 
Coastal  shares  for  imports  and  exports  were  adjusted  to 
reflect  the  shifts  expected  to  occur  over  the  projection 
period.  The  Lumber  and  Wood  Products  Industry  forecasts 
for  exports  and  imports  were  then  applied  to  these 
adjusted  coastal  shares. 


Domestic  flow  forecasts  were  derived  for  all  of  the 
commodities  (except  rafted  logs)  based  on  the  relevant 
production  and  demand  levels  for  the  individual  products. 
For  example,  the  growth  rate  for  lumber  production  in  the 
Douglas  Fir  region  was  applied  to  1977  West  Coast  lumber 
waterborne  flows  to  determine  future  West  Coast  lumber 
flows.  Another  example  is  that  the  growth  rate  for  total 
southern  plywood  shipments  to  the  South  was  appplied  to 
internal  1977  waterborne  plywood  flows  to  determine  future 
plywood  traffic  flows.  Flows  of  under  50,000  tons  in  1977 
were  projected  by  averaging  historical  flows  to  get  a  2003 
level  and  then  increasing  or  decreasing  tonnage  out  to 
that  level.  In  the  case  of  rafted  logs,  an  econometric 
equation  was  estimated.  The  major  explanatory  variables 
in  the  equation  include  lumber  production  in  the  Douglas 
Fir  region,  plywood  production  in  the  West  and  pulp  pro¬ 
duction  in  the  West. 


(a)  Summary 

The  majority  of  lumber  and  wood  products  shipped  or 
received  on  the  domestic  waterways  network  can  be  found  in 
the  Pacific  Northwest  on  the  Washington/Oregon  Coast,  the 
Columbia-Snake-Wi llamette  River  system  and  the  Alaskan 
Coast.  This  will  be  the  case  for  the  entire  projection 
period  -  1977  to  2003  -  although  some  gains  will  be  found 
on  the  Mississippi  River  system,  the  Tennessee  River,  and 
the  Warrior  River  system.  Previously  established  waterway 
movements  of  lumber  and  wood  products  in  the  Pacific 
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Northwest  will,  however,  remain  the  primary  source  of 
waterborne  shipments  and  receipts. 


The  movement  of  rafted  logs  accounts  for  the  majority 
of  domestic  shipments  and  receipts  on  the  three  Pacific 
Northwest  river  segments  (Washington/Oregon  Coast,  the 
Columbia-Snake-Wi 1 lamette  River  system,  and  the  Alaskan 
Coast).  In  addition,  lumber  and  other  wood  products 
(including  fuel  wood,  wood  chips,  posts  and  piles)  also 
contribute  over  one  million  tons  each  to  shipments  and 
receipts.  In  general,  domestic  lumber  and  wood  products 
traffic  is  intra-segment  so  that  shipment  and  receipt 
tonnage  is  similar  by  segment. 


Total  domestic  traffic  tonnage  for  lumber  and  wood 
products  will  grow  from  23.4  million  tons  in  1977  to  29.9 
million  tons  in  2003,  representing  an  annual  average 
growth  rate  of  0.9%  over  the  26  year  period.  The  figures 
for  total  traffic,  domestic  and  foreign,  are  more  than 
twice  as  much  as  domestic  tonnage  in  1977,  52.8  million 
tons,  but  total  traffic  only  grows  to  54.2  million  tons  in 
2003,  an  average  annual  rate  of  growth  of  0.1%.  These 
figures  reinforce  the  importance  of  import/export  flows  on 
total  lumber  and  wood  products  waterway  traffic.  A  more 
substantial  growth  in  domestic  flows  will,  however,  be  the 
dominating  factor  in  the  future  for  lumber  and  wood 
products  waterway  traffic. 


(b)  Major  Market  Shifts 

Spurred  by  the  shift  to  the  production  of  southern 
timber,  import/export  coastal  shares  will  experience  major 
changes  from  1977  to  2003.  Log  exports  will  continue  to 
originate  primarily  on  the  West  Coast,  although  the  East 
Coast  will  gain  1.8%  more  of  the  market.  This  gain  is 
clearly  diminished,  however,  by  the  fact  that  log  exports 
will  fall  significantly  from  1977  to  2003.  A  more  defined 
shift  can  be  observed  in  lumber  exports. 


The  West  Coast  is  expected  to  originate  60%  of  total 
lumber  exports  in  2003  as  opposed  to  80%  in  1977.  The 
Gulf  Coast  and  the  East  Coast  will  gain  most  from  the 
shift,  increasing  their  market  share  from  close  to  20%  to 
40%  in  2003.  Therefore,  although  lumber  exports  will 
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increase  slightly,  the  West  Coast  will  originate  less 
tonnage  in  2003  than  in  1977  while  the  East  Coast  segments 
will  originate  more.  The  West  Coast  will,  on  the  other 
hand,  import  more  lumber  on  a  percentage  basis  in  2003  in 
order  to  supplement  declining  production  in  the  region. 
Alternately,  the  South  will  become  more  self-sufficient 
and  will  only  receive  42%  of  the  import  lumber  in  2003 
whereas  in  1977  the  regions'  waterways  terminated  52%  of 
the  import  lumber. 


Market  shares  of  plywood  exports  will  be  similar  in 
that  the  West  Coast  will  originate  only  50%  of  plywood 
exports  while  the  southern  waterways  will  originate  48.5% 
of  plywood  exports.  In  1977,  the  shares  were  28.9%  for 
the  South  and  69.3%  for  the  West  Coast.  Plywood  import 
shares  are  expected  to  remain  unchanged  based  on  the  fact 
that  most  plywood  imports  are  hardwood  -  a  specialty  item 
which  will  not  significantly  change  in  distribution  or 
tonnage  in  the  future. 


More  wood  chips  and  other  wood  products  will  be 
exported  form  southern  waterways  (20%  of  2003  tonnage  as 
opposed  to  7.6%  of  1977  tonnage)  while  the  West  Coast  will 
originate  less  tonnage  due  to  a  decreased  market  share 
(75.5%  in  2003  rather  than  91.9%  in  1977)  as  well  as  a 
decrease  in  tonnage  being  exported.  Again,  imports  will 
remain  constant,  both  with  respect  to  market  share  and 
tonnage . 


Domestic  flows  will  not  display  any  major  shifts 
largely  due  to  the  fact  that  waterborne  transportation  is 
generally  the  third  choice  by  the  industry  behind  railroad 
and  truck.  In  the  case  of  a  shift  in  production  to  the 
South,  a  more  dramatic  shift  from  railroad  to  truck  will 
be  seen  rather  than  from  railroad  and  truck  to  barge  and 
vessel  transportation.  This  does  not  mean  that  southern 
waterways  will  not  experience  an  increase  in  demand,  only 
that  the  gains  will  be  to  a  lesser  degree  than  might  be 
expected.  The  West  Coast  waterways  will  maintain  their 
strength,  largely  on  the  basis  of  continued  traffic 
tonnage  generated  by  rafted  logs.  Southern  waterways 
patterns  are  not  established  at  this  time  and  will  take 
time  to  do  so,  thereby  explaining  the  slower  shift  in 
domestic  traffic  to  this  area. 
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(c)  Waterborne  Flow 

_ Developments 

Waterborne  demand  projection;-,  are  presented  in  Tables 
VIII-2  through  VIII-5  for  lumber  and  wood  products.  Table 
VIII-2  includes  all  domestic  traffic  by  segment,  both 
shipped  and  received.  The  majority  of  waterborne  flow 
developments  will  occur  from  1977  to  1990  with  segment 
traffic  increases  or  decreases  averaging  between  0.8%  and 
5.1%  per  year.  In  terms  of  actual  tonnage,  waterborne 
traffic  on  the  West  Coast  will  grow  most  significantly, 
gaining  between  600,000  tons  (Alaskan  shipments)  and 
2,657,000  (Columbia-Snake-Wi 1 lamette  River  shipments)  from 
1977  to  1990.  In  percentage  growth  terms,  Upper  Missis¬ 
sippi  receipts  will  increase  an  average  of  5.1%  per  year 
and  shipments  will  increase  an  average  of  3.4%  a  year. 
Lumber  and  wood  products  shipments  and  receipts  on  the 
Alaskan  Coast  will  also  grow  at  a  rapid  pace,  averaging 
annual  rates  of  growth  of  2.7%  for  shipments  and  2.4%  for 
receipts.  This  growth  is  largely  attributed  to  the  growth 
in  demand  for  rafted  logs  by  pulp  mills  in  Alaska  as  well 
as  in  Washington  and  Oregon.  Tonnage  declines  on  the 
South  Atlantic  and  Middle  Atlantic  Coast  are  indicative  of 
the  decline  in  foreign-related  domestic  traffic  histori¬ 
cally  generated  in  these  regions.  Growth  rates  for  the 
period  1990  to  2003  are  seldom  above  1.0%,  indicating 
extremely  slow  growth  for  lumber  and  wood  products 
domestic  waterborne  traffic  in  those  years. 


Total  domestic  traffic  -  shipped,  received,  and 
through  -  for  segments  comprising  the  Mississippi  River 
system  as  well  as  the  Great  Lakes  is  presented  in  Table 
VIII-3.  A  similar  story  is  told  by  these  numbers  with 
slow  to  moderate  growth  evident  in  all  segments  except  the 
Upper  Mississippi  segment  tonnage  which  grows  at  an 
average  annual  rate  of  3.0%  from  1977  to  1990.  Alto¬ 
gether,  however,  this  traffic  accounts  for  only  9.5%  of 
total  domestic  traffic  in  1977  (2.2  million  tons),  8.7%  of 
total  domestic  traffic  in  1990  (2.5  million  tons)  and  9.0% 
of  total  domestic  traffic  in  2003  (2.7  million  tons). 

East  Coast  and  West  Coast  domestic  traffic  make  up  the 
remaining  90%  or  so  of  the  total. 


Domestic  traffic  ton-miles  for  these  same  Mississippi 
River  and  Great  Lakes  segments  reflect  similiar  growth 
rates  as  seen  in  Table  VIII-3.  Declines  in  ton-miles  are 


evident  for  both  the  GIWW  West  and  the  Great  Lakes 
segments,  -1.0%  to  1990.  Ton-miles  on  the  remaining 
segments  will  grow  an  average  of  0.3%  per  year  to  1.2%  per 
year  from  1977  to  1990,  slowing  to  0.5%  to  0.8%  average 
annual  growth  from  1990  to  2003.  The  most  glaring  fact 
from  both  the  domestic  traffic  ton  and  ton-mile  figures  is 
hat  the  insignificant  amount  of  domestic  lumber  and  wood 
roducts  waterways  traffic  has  existed  and  is  expected  to 
•>xist.  The  waterways  are  only  suitable  in  very  special¬ 
ized  cases  for  lumber  and  wood  products  transportation,  a 
fact  reflected  in  the  ton  and  ton-mile  levels. 


Foreign  trade,  on  the  other  hand,  is  s ign i f i cant ly 
more  important  in  tonnage  terms,  especially  on  the  West 
Coast,  as  seen  in  Table  VIII-5.  The  four  West  Coast 
segments  ( Wash i ngton/Oregon  Coast,  Columbia-Snake- 
Willamette  River,  California  Coast  and  Alaska)  accounted 
for  21.5  million  tons,  93.8%  of  total  exports  in  1977,  the 
majority  of  which  were  logs.  By  2003,  these  four  segments 
will  account  for  13.4  million  tons,  only  80.8%  of  total 
exports,  reflecting  both  the  decline  in  log  exports  as 
well  as  the  shift  in  exports  to  southern  waterways. 
Alternately,  the  share  of  imports  for  these  four  West 
Coast  segments  will  increase  from  54.2%  (3.6  million  tons) 
in  1977  to  58.5%  (4.6  million  tons)  in  2003,  indicative  of 
the  Pacific  Northwest's  need  to  reinforce  its  production 
capability  with  imports. 


Impor t/export  flows  and  rafted  logs  in  the  Pacific 
Northwest  are  the  two  most  important  factors  when 
considering  total  lumber  and  wood  products  waterborne 
flows.  Therefore,  the  major  risks  of  the  waterborne 
demand  projections  for  lumber  and  wood  products  lie  within 
the  assumptions  made  for  these  concepts.  For  example,  if 
log  exports  do  not  fall  as  dramatically  as  estimated  here, 
total  waterborne  traffic  will  grow  at  somewhat  faster 
rates  of  growth  because  log  exports  are  such  a  large 
contributor  to  total  flows.  Alternately,  if  environmental 
restraints  restrict  the  rafting  of  logs  in  the  Pacific 
Northwest,  total  domestic  flows  could  be  seriously 
affected  based  on  the  fact  that  rafted  logs  accounted  for 
69.6%  of  the  domestic  flows  in  1977  and  will  comprise 
71.6%  of  the  domestic  flows  in  2003. 


162 


rx 


PULP,  PAPER  AND  ALLIED  PRODUCTS 


INDUSTRY  OUTLOOK 


The  Pulp,  Paper  and  Allied  Products  Industry  Model 
focuses  on  two  major  importing  areas  -  on  Western  Europe 
and  Japan,  and  on  the  North  American  and  Scandanavian 
exporters.  Domestic  demand,  exports,  production,  and 
prices  forecast  for  the  United  States  Paper  groups  offered 
in  the  model  include:  printing  and  writing  papers;  news¬ 
print;  and  wrapping  and  packaging  papers  and  board.  Two 
chemical  pulp  grades  are  included:  bleached  and  semi- 
bleached  sulfate  and  bleached  sulfite.  Major  end  use 
markets  factored  into  the  model  include:  for  newsprint  - 
newspaper  circulation,  newspaper  advertising  lineage  and 
commercial  printing  activity;  for  coated  two-sided  papers 
-  book  publishing,  commercial  printing  and  magazine  adver¬ 
tising  pages;  and  for  pulp  -  the  production  of  paper  and 
board  products  multiplied  by  the  conversion  factors  which 
relate  to  the  tonnage  of  each  pulp  consumed  by  the  pro¬ 
duct.  These  factors,  combined  with  inventory  changes,  are 
input  to  determine  apparent  consumption. 


(a)  Industry 
_ Background 


The  pulp,  paper  and  allied  products  industry  is  one  of 
international  scope  with  a  great  deal  of  interplay  between 
countries.  Demand  for  printing  and  writing  papers,  in¬ 
cluding  newsprint,  largely  responds  to  worldwide  demands 
in  printed  media  advertising.  Pulp  producers,  in  turn, 
adjust  their  production  to  be  in  tune  with  these  demands. 


The  pulp  and  paper  industry  experienced  significant 
gains  during  the  1960's,  in  large  part  due  to  the  boom  in 
advertising  and  computers.  The  1970’s  industry  perfor¬ 
mance  in  comparison,  has  been  fairly  lackluster,  severely 
impacting  business  confidence  in  the  pulp  and  paper  sec¬ 
tor.  Recovery  from  the  1974-1975  recession  has  been  slow 
and  arduous,  especially  in  Western  Europe. 


Supply  and  demand  as  well  as  substitutability  play  a 
major  role  in  the  pulp,  paper  and  allied  products  indus¬ 
try.  Because  of  this,  the  industry’s  performance  is  often 
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linked  with  the  general  economy's  performance.  Severe 
consumer  inventory  savings,  combined  with  the  worst  reces¬ 
sion  in  post-war  history,  slowed  demand  substantially  from 
1970  to  1978.  In  addition,  the  real  price  of  paper  and 
board  fell  as  producers  expanded  the  size  of  mills  to 
capitalize  upon  economies  of  scale.  Finally,  plastic  pro¬ 
ducts  made  significant  inroads  during  this  time  period  to 
traditional  Kraft  papers,  fibre  box,  and  folding  carton 
end-use  markets.  All  of  these  factors  combined  for  a 
somewhat  poor  performance  over  the  last  decade  for  the 
pulp,  paper  and  allied  products  industry.  The  future, 
however,  is  expected  to  improve  the  outlook  for  the  indus¬ 
try. 


(b)  National  and 
_ Regional  Forecasts 

Pulp,  paper  and  allied  products  national  production 
forecasts  are  presented  in  Table  IX-1.  Regionality  of 
these  forecasts  was  not  attempted  due  to  a  lack  of  re¬ 
gional  data  on  which  to  base  any  regionalization  as  well 
as  the  need  to  focus  more  on  the  international  supply  and 
demand  market  for  this  particular  industry. 


Total  United  States  pulp  production  is  expected  to 
grow  at  an  average  rate  of  2.7%  per  year  from  1977  to  1990 
and  1.5%  per  year  from  1990  to  2003.  In  tonnage  terms, 
pulp  production  will  grow  from  50.0  million  tons  in  1977 
to  85.8  million  tons  in  2003.  Total  paper  and  paperboard 
production  will  increase  at  somewhat  faster  rates  during 
the  forecast  period,  growing  an  average  of  3.1%  per  year 
from  1977  to  1990  and  2.1%  per  year  from  1990  to  2003. 

This  growth  will  be  led  during  the  first  part  of  the  fore¬ 
cast  period  by  paper  production  (3.3%  average  annual 
growth  from  1977  to  1990)  and  by  paperboard  production 
during  the  latter  years  of  the  forecast  period  (2.2% 
average  annual  growth  from  1990  to  2003). 


Newsprint  production  will  grow  at  a  faster  rate  than 
any  other  paper  or  paperboard  grade  from  1977  to  1990, 
averaging  5.0%  annual  growth,  and  increasing  from  3.9  mil¬ 
lion  tons  to  7 . 3  million  tons.  This  growth  is  largely  at¬ 
tributable  to  a  continued  advertising  boom  in  the  printed 
media.  Other  paper  grades  such  as  coated  printing  papers, 
uncoated  freesheet  papers  and  unbleached  groundwood  papers 
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will  also  benefit  from  this  advertising  boom.  Coated 
printing  papers  production  will  average  4.2%  annual  growth 
from  1977  to  1990  while  uncoated  freesheet  papers  produc¬ 
tion  will  average  4.1%  growth  during  that  period  and 
unbleached  groundwood  papers  production  will  grow  an 
average  of  4.6%  per  year  from  1977  to  1990.  Unbleached 
Kraft  paperboard  will  be  the  stellar  performer  within  the 
paperboard  grades  with  production  averaging  3.7%  annual 
growth  from  1977  to  1990  and  2.6%  average  annual  growth 
from  1990  to  2003.  In  addition,  semichemical  corrugating 
medium  production  will  average  3.4%  per  year  growth  from 
1977  to  1990  and  2.8%  average  annual  growth  from  1990  to 
200  3. 


On  the  whole,  pulp,  paper  and  allied  products  produc¬ 
tion  is  expected  to  rebound  from  the  doldrums  experienced 
in  the  1970's.  Only  one  product  -  glassine  and  grease¬ 
proof  papers  -  will  experience  production  declines.  These 
declines,  however,  are  both  small  (-0.2%  per  year  from 
1977  to  1990  and  -0.3%  per  year  from  1990  to  2003)  and 
relatively  unimportant  in  tonnage  terms  -  only  230,600 
tons  in  1977  (0.8%  of  total  paper  production). 


(c)  Key  Industry 
Developments 

Capacity  expansion  in  the  United  States  South  will  be 
the  major  industry  development  during  the  forecast  peri¬ 
od.  This  increase  in  capacity  in  the  South  by  the  pulp, 
paper  and  allied  products  industry  will  be  largely  neces¬ 
sitated  by  the  lumber  and  wood  products  industry  shift  to 
consumption  of  plentiful  Southern  timber  as  opposed  to  the 
dwindling  Pacific  Northwest  timber  stock.  Because  the 
pulp  industry  relies  on  the  lumber  and  wood  products 
industry  for  its  raw  materials  (wood  chips  and/or  second 
quality  logs  suitable  for  chipping)  and,  in  turn,  the 
paper  and  paperboard  industry  relies  on  the  pulp  industry, 
it  stands  to  reason  that  the  three  will  tend  to  locate 
near  each  other,  whenever  possible. 
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Other  industry  trends  which  will  begin  to  develop  in 
the  1980  '  s  and  continue  through  the  century  will  include 
the  f o 1  lowing: 

1.  The  highest  demand  growth  for  pulp,  paper  and 
allied  products,  at  least  in  percentage  terms,  will  shift 
to  Latin  America,  Africa,  and  Asia; 

2.  New  technological  developments,  especially  in 
electronics,  will  negatively  impact  paper  usage;  and 

3.  Worldwide  demand  growth  will  slow  to  match 
the  performance  recorded  in  the  1970's. 

DISTRIBUTION  SYSTEM 

Over  90%  of  the  pulp  produced  in  this  country  is  con¬ 
sumed  by  paper  and  paperboard  producers  close  by  and, 
therefore,  does  not  require  elaborate  distribution  sys¬ 
tems.  The  other  10%  is  generally  transported  by  railroad 
or  exported.  Railroad  and  truck  are  the  two  modes  used 
primarily  for  the  distribution  of  paper  and  paperboard 
with  barge  transportation  running  a  minimal  third.  Rail¬ 
roads  have  experienced  some  decline  in  market  share  to 
motor  carriers  but  not  to  the  extent  exhibited  in  the  lum¬ 
ber  and  wood  products  industry  (1977  rail  share  of  total 
paper  and  paperboard  products  was  60%).  As  in  the  case  of 
lumber  and  wood  products,  waterborne  transportation  of 
pulp,  paper  and  allied  products  is  most  important  when 
analyzing  import/export  flows.  The  United  States  is  actu¬ 
ally  a  net  importer  of  many  pulp  and  paper  grades  due  to  a 
dependence  on  Canadian  supplies.  The  majority  of  Canadian 
imports  come  into  this  country  by  railroad  although  some 
tonnage  does  get  transported  on  the  Great  Lakes,  the  East 
Coast  and  the  West  Coast. 


(a)  Role  of  Water 
_ Transportation 

Pulp,  paper  and  allied  products  waterborne  transporta¬ 
tion  largely  consists  of  100-300  mile  flows  which  are  usu¬ 
ally  the  origination  or  termination  of  an  export  or  import 
flow.  In  1977,  only  840,000  tons  of  pulp  (1.7%  of  total 
United  States  pulp  production)  was  transported  on  the 
internal  waterways.  Coastal  movements  accounted  for  only 
slightly  more  than  one-eighth  of  that  tonnage  (120,000 
tons  -  0.2%  of  total  United  States  pulp  production)  while 
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lakewise  traffic  of  pulp  consisted  of  45,000  tons  in  1977, 
an  insignificant  percent  of  production.  Internal  water 
shipments  of  paper  and  paperboard,  including  newsprint, 
were  somewhat  more  substantial,  totalling  2.1  million  tons 
in  1977  -  3.5%  of  total  United  States  paper  and  paperboard 
production.  Coastal  shipments  were  again  weak  for  these 
products  with  only  500,000  tons  evident  in  1977  (0.8%  of 
total  United  States  production).  Lakewise  traffic  for 
paper  and  paperboard  products  was  somewhat  less  signifi¬ 
cant  at  389,000  tons  or  0.6%  of  total  United  States  pro¬ 
duct  ion . 


Exports  of  both  pulp  and  paper  and  paperboard  products 
accounted  for  the  major  portion  of  waterborne  tonnage  in 
1977.  Close  to  2.6  million  tons  of  pulp  in  1977  were 
oceanborne  exports,  5.1%  of  total  production.  In  the  case 
of  paper  and  paperboard  products,  almost  2.5  million  tons 
were  oceanborne  exports  in  1977,  4.0%  of  total  production. 


These  figures  clearly  point  out  the  key  role  exports 
play  in  waterborne  transportation  of  pulp,  paper  and 
allied  products.  Besides  exports,  waterborne  transpor¬ 
tation  of  these  products  is  relatively  insignificant  both 
in  relation  to  total  production  and  to  total  waterborne 
tonnage,  all  commodities. 


(b)  Factors  Affecting 
Modal  Choice 


Origin-destination  patterns  as  well  as  modal  availabi¬ 
lity  are  the  primary  factors  affecting  modal  choice  by  the 
pulp,  paper  and  allied  products  industry.  In  general, 
barge  transportation  is  not  the  industry's  choice  because 
of  its  relative  inflexibility  with  respect  to  truck  and, 
to  a  lesser  degree,  railroad.  Unless  railroad  and  truck 
rates  are  extremely  out  of  line,  waterborne  rates  cannot 
compete  due  to  the  fact  that  the  products  will,  in  most 
cases,  require  transloading  prior  to  or  after  the  water¬ 
borne  trip.  Transloading  adds  both  time  and  additional 
costs  to  the  waterborne  transportation  of  pulp,  paper  and 
allied  products.  In  addition  the  products  are  generally 
transported  either  very  long  distances,  in  which  case 
railroad  is  the  most  cost  effective  choice,  or  very  short 
distances,  in  which  case  truck  is  the  most  cost  effective 
choice . 
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(c)  Distribution  System 
_ Deve  Lopment  s _ 


The  shift  to  Southern  production  of  timber  will  impact 
the  present  distribution  system  of  pulp,  paper  and  allied 
products  by  shifting  the  industry's  resource  base.  Be¬ 
cause  pulp  producers  rely  on  wood  chips  from  the  lumber 
mills  (or  rafted  logs  so  they  can  do  their  own  chipping), 
the  pulp  industry  tends  to  locate  near  the  pulp  producers 
from  whom  they  get  their  raw  materials.  Therefore,  with 
the  lumber  and  wood  products  industry  moving  to  the  South, 
the  pulp,  paper  and  allied  products  industry  will  follow 
to  the  extent  possible. 


Two  factors  which  may  inhibit  an  all  out  shift  of  the 
industry  to  the  South  are  the  costs  associated  with  relo¬ 
cating  the  industry  and  the  inability  to  receive  rafted 
logs  on  the  Southern  waterways.  Pulp  and  paper  mills  are 
capital  intensive  and,  therefore,  not  as  easily  mobile  as 
a  lumber  mill.  In  order  to  move  the  pulp,  paper  and  al¬ 
lied  products  industry  South,  a  significant  investment 
will  be  required.  Although  it  appears  that  a  portion  of 
that  investment  will  be  made,  a  good  share  of  the  industry 
will  also  remain  in  the  Pacific  Northwest. 


The  second  factor  limiting  the  relocation  of  the  pulp, 
paper  and  allied  products  to  the  South  is  the  fact  that 
log  rafting  opportunities  would  be  severly  limited  by  the 
Southern  waterway  characteristics.  Over  16  million  tons 
of  logs  were  rafted  in  the  Pacific  Northwest  in  1977,  al¬ 
most  all  of  which  went  to  pulp  mills.  Log  rafting  is  not 
presently  found  on  the  Southern  waterways  and  is  not  ex¬ 
pected  to  become  a  significant  part  of  log  transportation 
in  the  South  because  of  the  environmental  problems  associ¬ 
ated  with  the  log  rafting  (e.g.,  log  dumping,  the  first 
step  in  rafting,  often  results  in  debarking,  which  can 
cause  water  pollution  from  the  pitch,  as  well  as  soil  ero¬ 
sion  along  the  banks).  Therefore,  many  pulp  producers 
will  remain  in  the  Pacific  Northwest,  where  the  log 
rafting  pattern  is  already  set. 


Imports  of  pulp,  paper  and  allied  products  are  ex¬ 
pected  to  decline  in  the  future  with  domestic  production 
increasing  proportionately.  This  decline  in  imports  could 
mean  some  declines  in  tonnage  on  waterway  segments  which 


are  typically  used  for  domestic  termination  of  these  im¬ 
ports.  Internal  waterborne  traffic  may,  however,  gain 
tonnage  due  to  the  increased  domestic  production. 


WATERBORNE  DEMAND 
PROJECTIONS 


Import/export  flows  were  identified  as  the  major  con¬ 
tributors  to  total  pulp,  paper  and  allied  products  water¬ 
borne  tonnage;  domestic  segment  tonnage  represented  less 
than  half  of  the  total  flows  in  1977.  Based  on  this  know¬ 
ledge,  the  66  analysis  segments  were  aggregated  into  seven 
"super  segments":  Internal,  East  Coast,  United  States 

Great  Lakes;  West  Coast;  Hawaii  and  Caribbean,  Imports/ 
Exports;  and  Canadian  Great  Lakes.  Coastal  shares  for 
imports  and  exports  were  adjusted  to  reflect  the  shifts 
expected  to  occur  over  the  projection  period.  The  pulp, 
paper  and  allied  products  industry  forecasts  for  water¬ 
borne  exports  and  imports  were  then  applied  to  these 
adjusted  coastal  shares. 


Domestic  flow  forecasts  were  derived  for  all  of  the 
commodities  based  on  the  national  production  growth  for 
the  individual  commodities  within  the  reporting  segment. 
Flows  of  under  50,000  tons  in  1977  were  projected  by  aver¬ 
aging  historical  flows  to  get  a  2003  level.  Tonnage  was 
increased  or  decreased  over  the  26  year  period  at  a  rate 
which  reached  the  proper  level  in  2003. 


(a)  Summary 

Total  domestic  traffic,  all  segments,  totalled  4.055 
million  tons  in  1977  (34.5%  of  total  flows)  with  the 
Co lumbi a-Snake-Wi 1 lamet te  River  accounting  for  over  1.7 
million  tons  of  the  domestic  traffic  level.  Demand  for 
domestic  waterborne  transportation  by  the  pulp,  paper  and 
allied  products  industry  will  grow  at  an  average  compound 
annual  rate  of  1.8%  from  1977  to  1990  and  1.0%  from  1990 
to  2003.  Segments  displaying  the  largest  growth  in  ton¬ 
nage  demand  terms  will  be  the  Washington/Oregon  Coast 
(2.3%  from  1977  to  1990  and  1.2%  from  1990  to  2003  for 
shipments  and  2.5%  from  1977  to  1990  and  1.3%  from  1990  to 
2003  for  receipts)  and  the  Columbia-Snake-Willamette  River 
(2.2%  from  1977  to  1990  and  1.1%  from  1990  to  2003  for 


shipments  and  2.3%  from  1977  to  1990  and  1.1%  from  1990  to 
2003  for  receipts).  By  2003,  demand  for  domestic  water¬ 
borne  carriage  for  pulp,  paper  and  allied  products  will  be 
5.9  million  tons  or  37%  of  total  expected  demand  for  both 
domestic  and  foreign  traffic. 


Total  exports  of  pulp,  paper  and  allied  products  to¬ 
taled  5.0  million  tons  in  1977  (43%  of  total  traffic) 
while  imports  accounted  for  2.7  million  tons  of  total 
traffic  (23%)  in  1977.  Demand  for  import  waterborne 
transportation  will  decline  an  average  of  -1.6%  per  year 
from  1977  to  1990  and  -1.1%  per  year  from  1990  to  2003. 
These  average  annual  declines  are  indicative  of  the  re¬ 
duced  reliance  on  imports  which  the  pulp,  paper  and  allied 
products  industry  is  expected  to  experience  over  the  next 
26  years.  Demand  for  export  waterborne  transportation 
will  grow  at  close  to  historical  rates,  averaging  annual 
growth  rates  of  2.2%  from  1977  to  1990  and  1.4%  thereafter. 


(b)  Major  Market  Shifts 

There  will  be  very  few  market  shifts  within  the  pulp, 
paper  and  allied  products  industry.  The  most  noticeable 
will  be  a  slight  shift  to  increased  production  in  the 
South  (generally  new  capacity  coming  on  line)  and  a  slight 
reduction  in  imports  over  the  forecast  period.  in  terms 
of  commodity  mix,  newsprint,  coated  printing  papers  and 
uncoated  freesheet  paper  production  will  grow  faster  and 
become  larger  components  of  the  total  paper  production 
figures  than  other  paper  grades.  Unbleached  Kraft  paper- 
board  and  semichemical  corrugating  medium  will  be  the  big 
gainers  in  the  paperboard  industry.  Total  production  of 
pulp,  paper  and  paperboard  will,  however,  be  fairly  stand¬ 
ard,  averaging  2.0%  to  2.8%  growth  from  1977  to  2003. 


Demand  for  transportation  of  these  products  will  also 
remain  fairly  standard  with  no  dramatic  shifts  expected. 
Southern  waterways  may  gain  some  demand  for  traffic  as  a 
result  of  the  increased  production  capacity  estimated  to 
locate  there  but  the  Pacific  Northwest  will  continue  to 
produce  a  significant  amount  of  the  total  products  and, 
therefore,  require  a  significant  amount  of  the  total 
waterborne  transportation  demands.  In  1977,  domestic  and 
export  waterborne  transportation  of  pulp,  paper  and  allied 
products  accounted  for  8%  of  production.  In  2003,  this 
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percentage  is  expected  to  fall  to  6.7%  of  production, 
largely  due  to  the  slow  growth  in  demand  for  domestic 
waterborne  transportation  combined  with  the  rapid  growth 
in  pulp,  paper  and  allied  products  production.  Motor  car¬ 
riers  and  railroads  will  be  the  major  benefactors  of  this 
increased  production. 


(c)  Waterborne  Flow 
_ Developments 


Table  IX-2  presents  the  waterborne  demand  projections 
for  domestic  traffic  (shipped  and  received)  by  the  pulp, 
paper  and  allied  products  industry  while  Table  IX-3  pre¬ 
sents  waterborne  demand  projections  for  the  Mississippi 
River  System/Great  Lakes,  all  traffic  (inbound,  outbound, 
local  and  through).  Ton-miles  for  this  concept  are  pre¬ 
sented  in  Table  1X-4  and  foreign  traffic  demand  pro¬ 
jections  are  found  in  Table  IX-5. 


As  mentioned  before,  demand  for  domestic  waterborne 
traffic,  shipped  and  received,  will  grow  an  average  of 
1.8%  per  year  from  1977  to  1990  and  1.0%  per  year  from 
1990  to  2003.  Segments  which  will  gain  significant  ton¬ 
nage  demand  include  the  South  Atlantic  Coast  (shipments), 
the  Middle  Atlantic  Coast  (receipts),  the  Washington- 
Oregon  Coast  (shipments  and  receipts),  and  the  Columbia- 
Snake-Wi 1 lamette  River  (shipments  and  receipts).  These 
increases  are  fairly  consistent  with  the  comparable  areas 
of  growth  for  pulp,  paper  and  allied  products  production. 


Demand  for  waterborne  domestic  traffic  (inbound,  out¬ 
bound,  local  and  through)  for  the  Mississippi  River  Sys¬ 
tem/Great  Lakes,  on  the  other  hand,  will  grow  very  slowly 
from  1977  to  2003  as  seen  in  Table  IX-3.  Similarly,  ton- 
mile  growth  on  these  segments  will  grow  an  average  of  0.9% 
per  year  from  1977  to  1990  and  0.7%  per  year  from  1990  to 
2003  (see  Table  IX-4 ) .  These  slow  growth  rates  reflect 
the  limited  demand  for  waterborne  carriage  of  pulp,  paper 
and  allied  products  despite  significant  production 
increases.  The  fact  remains  that  waterborne  transporta¬ 
tion  of  these  products  is  only  strongly  used  in  conjunc¬ 
tion  with  foreign  traffic.  Any  domestic  use  is  purely 
convenience  and  generally  atypical. 
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Foreign  traffic  waterborne  projections  are  presented 
in  Table  IX-5  and  offer  the  most  convincing  statistics. 

The  decline  in  imports  is  clearly  defined  here  with  Gulf 
port  tonnage  declining  an  average  of  5.5%  per  year  from 
1977  to  1990  and  3.0%  per  year  from  1990  to  2003.  Atlan¬ 
tic  Coast  imports  will  fall  an  average  of  -2.0%  to  -2.5%  a 
year  from  1977  to  1990  and  -1.4%  to  -1.9%  a  year  from  1990 
to  2003.  On  the  West  Coast,  imports  will  fall  an  fiverage 
of  -1.5%  from  1977  to  1990  and  -1.0%  from  1990  to  200  i  . 
These  statistics  all  point  to  the  decreased  reliance  the 
in  it:. try  will  have  on  overseas  production.  Exports  will 
not  increase  drastically,  however,  with  the  increased 
domestic  capacity  expected  to  come  on  line,  simply  because 
the  extra  capacity  can  be  used  fully  by  domestic  consump¬ 
tion  (as  pointed  out  before,  the  United  States  is  pre¬ 
sently  a  net  importer  of  pulp,  paper  and  allied  pro¬ 
ducts).  Total  waterborne  demand  for  exports  will  grow  an 
average  of  2.2%  per  year  from  1977  to  1990  and  then  slow 
to  1.4%  average  annual  growth  from  1990  to  2003.  The 
majority  of  this  growth  will  come  from  the  Southern  water¬ 
ways  where  the  extra  capacity  is  expected  to  locate. 
Exports  from  the  West  Coast  will  actually  decline  slightly 
from  1977  to  2003. 


The  major  risk  of  the  waterborne  demand  projections  is 
that  they  are  too  low.  Growth  is  purposely  held  back 
based  on  the  belief  that  waterborne  transportation  of 
pulp,  paper  and  allied  products  is  the  third  modal  choice 
after  railroad  and  truck.  If  this  situation  changes, 
either  because  of  deregulation  of  the  railroads  or  con¬ 
tinued  and  more  severe  fuel  problems  for  the  motor  car¬ 
riers,  waterborne  transportation  may  become  more  attrac¬ 
tive  as  a  modal  choice  and  therefore  raise  demand.  Demand 
for  waterborne  transportation  by  the  pulp,  paper  and 
allied  products  industry  is  not  expected  to  change  under 
the  alternative  scenarios,  Badenergy2003A  and  Larger- 
govt2003A  as  seen  in  Appendix  B. 
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CHEMICALS 


INDUSTRY  OUTLOOK 

The  Chemical  Industry  Model  employs  a  methodology 
which  analyzes  the  chemical  industry  in  the  context  of  the 
larger  energy  and  economic  environment  effects  demands, 
supplies,  and  prices  of  chemicals.  Econometric  chemical 
end-product  demand  equations  cover  such  end  uses  as  plas¬ 
tics,  elastomers,  solvents,  coatings,  and  surfactants. 

The  demand  models  are  constructed  to  capture  the  direct 
relationship  between  detailed  economic  indicators  and 
finished  product  uses.  The  Supply  and  Pricing  Submodel  of 
the  Chemical  Industry  Model  is  a  structural  model  of  the 
chemical  industry,  containing  technological,  economic,  and 
capacity  data  by  process.  The  Model  is  structured  to 
account  for  the  complex  interaction  between  products  and 
co-products.  Linear  programming  techniques  are  used  to 
solve  the  model,  in  which  total  costs  are  minimized  sub¬ 
ject  to  demand  constraints,  capacity  contraints,  inter¬ 
nal  process  economics,  and  in-house  industry  knowledge. 

The  model  has  been  tested  using  historical  data  to  assure 
its  validity,  and  relates  the  demands  for  final  products 
back  to  demands  for  intermediates  and  raw  materials  via 
the  available  process  technologies.  The  methodology  for 
deriving  every,  raw  material,  and  chemical  prices  includes 
an  analysis  of  the  relationship  between  these  prices  and 
crude  oil  and  natural  gas  prices,  processing  costs,  sup¬ 
ply/demand  imbalances,  and  government  regulations.  Inher¬ 
ent  to  each  forecast  is  a  forecast  of  the  Energy  Model  for 
energy  demands  and  prices,  which  combined  with  forecasts 
of  construction  cost  indices  and  wage  indices  are  inputs 
to  a  refinery  linear  programming  model  whose  output  is 
used  as  the  basis  for  the  chemical  price  forecasts. 

The  Fertilizer  Industry  Model  converts  the  demand  for 
nitrogen  and  phosphate  forecast  by  the  Agriculture  Indus¬ 
try  model  to  demand  for  major  fertilizer  types  (anhydrous 
ammonia,  urea,  nitrogen  solutions,  ammonium  nitrate,  con¬ 
centrated  superphosphate,  DAP).  This  analysis  was  not 
performed  for  potassic  fertilizers  due  to  the  relatively 
minor  tonnages  of  potassic  fertilizers  moving  by  water. 
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(a)  Industry  Background 

The  United  States  chemical  processing  industry  creates 
a  broad  range  of  over  1,000  commercially  important  pro¬ 
ducts  and  compounds,  which  are  not  classified  in  a  manner 
conducive  to  meaningful  analysis  by  the  CCDWC  commodity 
coding  system.  Chemical  products'  production  has  out¬ 
stripped  GNP  growth  as  chemicals  and  chemical  based  pro¬ 
ducts  (plastics,  synthetic  fibers,  synthetic  resins,  fer¬ 
tilizers,  pesticides,  solvents,  paints,  coatings,  and 
other  items)  have  worked  their  way  into  a  number  of  con¬ 
sumer,  commercial,  and  industrial  applications.  Important 
historical  growth  trends  have  been  the  consistent  expan¬ 
sion  of  chemical  and  chemical  product  markets,  with  grow¬ 
ing  substitution  of  metallic  and  agriculturally  based  pro¬ 
ducts  by  chemical  based  synthetics,  particularly  petro¬ 
chemicals,  the  development  of  products  tailor-made  for 
particular  applications  and  use  conditions  with  concurrent 
advancements  in  process  technology,  as  well  as  increases 
in  exports  and  imports  in  an  increasingly  international 
market . 


(b)  National  and  Regional 
Forecasts 


Table  X- I  presents  production  indices  for  important 
CCDWC  industrial  chemical  categories  and  consumption 
indices  for  important  fertilizer  chemical  compounds.  The 
results  are  presented  for  industrial  chemicals  in  terms  of 
indices  and  CCDWC  codes  rather  than  by  named  chemical  com¬ 
pounds  due  to  the  problems  associated  with  classification 
of  chemicals  under  the  CCDWC  coding  system  and  also  due  to 
the  difficulty  of  presenting  growth  rates  for  many  sepa¬ 
rate  and  unrelated  chemicals  in  a  concise  format.  The 
chemical  categories  which  experience  the  highest  growth 
rates  include  CCDWC  2811,  Crude  Tar,  Oil  and  Gas  Products, 
reflecting  expected  increases  in  production  of  coal  based 
synfuels  and  coal  based  petrochemical  feedstocks  along 
with  continued  high  demand  for  benzene,  tolune,  and  xylene 
petroleum  fractions,  and  urea,  which  is  expected  to  exhi¬ 
bit  high  sustained  growth  in  fertilizer  applications. 

CCDWC  2813,  Alcohols,  and  CCDWC  2817,  Benzene  and  Toluene, 
also  exhibit  large  increases  in  production  for  use  as  or¬ 
ganic  and  petrochemical  intermediates.  Chemical  cate¬ 
gories  exhibiting  moderate  growth  rates  include  'Other' 
chemicals,  which  include  CCDWC  2819,  Basic  Chemicals  and 
Basic  Chemical  Products  NEC,  CCDWC  2821,  Plastic 
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Materials,  CCDWC  2822,  Synthetic  Rubbers,  CCDWC  2823,  Syn¬ 
thetic  Fibers,  CCDWC  2891,  Miscellaneous  Chemical  Pro¬ 
ducts,  and  some  other  small  volume,  relatively  high  value 
chemical  categories  which  predominantly  move  in  foreign 
trade  when  traveling  by  water,  nitrogen  solutions  for  fer¬ 
tilizer  use,  and  CCDWC  2818,  Sulphuric  Acid,  for  a  wide 
variety  of  acid  applications.  The  'Other'  chemical  cate¬ 
gory  contains  a  host  of  dissimilar  chemicals  as  contents, 
and  is  by  far  the  largest  of  the  chemical  categories.  The 
contents  of  some  of  the  CCDWC  chemical  categories  are 
relatively  well  defined  and  straightforward  in  composi¬ 
tion.  However,  ideniti f ication  of  the  contents  of  many  of 
the  CCDWC  chemical  categories,  particularly  CCDWC  2819, 
the  largest  component  of  'Other*  chemicals,  and  to  a  les¬ 
ser  extent  CCDWC  2891,  required  extensive  analysis  and 
mapping  of  production  and  consumption  data  to  waterborne 
traffic  patterns  to  identify  the  CCDWC  production  and 
foreign  trade  indices.  The  contents  of  CCDWC  2819  can  be 
categorized  as  a  broad  mix  of  organic  and  petrochemical 
intermediates  although  some  inorganics  are  also  present. 
The  contents  of  CCDWC  2891  can  be  categorized  as  largely 
consisting  of  chlorine,  ethylene  glycol  compounded  as 
anti-freeze,  tetraethyl  lead  in  export  traffic,  and  a 
broad  mix  of  other  miscellaneous  chemicals.  The  growth  in 
'Other'  chemicals  largely  reflects  increased  production  of 
CCDWC  2819,  occurring  from  increased  use  of  chemicals  in 
existing  markets  and  penetration  of  new  markets  by  chemi¬ 
cal  products,  resulting  in  demands  for  increased  produc¬ 
tion  of  a  broad  range  of  intermediates.  Nitrogen  ferti¬ 
lizer  solutions  are  expected  to  increase  in  consumption 
due  to  ease  of  application,  high  nitrogen  content,  and 
cost  competitiveness  with  alternative  nitrogen  sources  for 
agricultural  uses.  Sulphuric  acid  (CCDWC  2818)  production 
exhibits  increases  in  almost  all  end  uses,  with  losses  oc¬ 
curring  in  pickling  use  for  steel  and  iron  production  and 
titanium  dioxide  production  for  paint  uses  being  notice¬ 
able  exceptions.  Sulphuric  acid  demands  are  forecast  to 
grow  at  approximately  2.1%  per  year  based  upon  a  forecast 
by  the  United  States  Bureau  of  Mines  of  selected  sulphur 
end  use  growth  rates.  Chemicals  experiencing  low  growth 
include  production  of  CCDWC  2810,  Sodium  Hydroxide,  and 
consumption  of  DAP  (Di-ammcnium  Phosphate)  and  concen¬ 
trated  superphosphate.  Hydroxide  and  chlorine  are  co¬ 
products  of  their  most  common  production  process,  salt 
electrolysis.  Chlorine  is  in  higher  demand  than  hydrox¬ 
ide,  and  is  forecast  to  remain  so.  Since  hydroxide  assumes 
the  position  of  a  secondary  coproduct,  rather  than  the 
desired  endproduct,  hydroxide  production  rates  are 
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constrained  by  the  chlorine  demand  growth.  Chlorine  de¬ 
mands  are  primarily  in  chlorinated  petrochemical  products, 
and  are  not  expected  to  exhibit  as  high  a  growth  rate  as 
some  other  petrochemical  and  plastic  products  which  lowers 
the  production  growth  of  hydroxide.  Phosphate  fertilizers 
are  expected  to  continue  their  historic  trend  of  lower 
growth  than  that  exhibited  by  nitrogenous  fertilizers. 


United  States  production  of  chemicals  exceeds  domestic 
demand,  thus  the  United  States  is  a  net  exporter  of  chemi¬ 
cals.  This  is  expected  to  continue  in  the  forecast  per¬ 
iod,  although  the  decontrol  of  United  States  crude  petro¬ 
leum  in  1982  will  adversely  impact  the  price  competitive¬ 
ness  of  some  United  States  chemical  exports  for  a  period 
in  the  mid-1980's  relative  to  world  market  prices,  parti¬ 
cularly  as  much  of  the  United  States  chemical  industry 
capital  stock  was  designed  in  a  period  of  cheap  energy  and 
raw  material  prices.  Imports  to  the  United  States  will 
drop  sharply  for  industrial  chemicals  during  1980  but  rise 
somewhat  in  1985,  while  exports  peak  in  1980,  drop  to 
1985,  drop  slightly  further  to  1990,  and  rise  thereafter 
as  both  exports  and  imports  return  to  long  term  growth 
paths  in  the  1990's.  Fertilizer  chemicals  display  oppos¬ 
ing  trends,  with  exports  rising  to  1985,  and  descending 
slowly  thereafter,  while  imports  exhibit  sustained  in¬ 
creases.  The  difference  for  the  behavior  of  the  two  sec¬ 
tors  of  the  chemical  industry  lies  in  the  difference  in 
drving  forces  for  the  foreign  trade  sector  of  the  two 
industries,  with  United  States  controlled  and  decon¬ 
trolled  crude  petroleum  prices  opposed  to  petroleum 
supplies  priced  continuously  at  OPEC  levels  for  European, 
United  States  industrial  chemical  sector,  while  the  fer¬ 
tilizer  industry  sector  is  more  affected  by  the  cost  com¬ 
petitiveness  of  United  States  mined  phosphate  sources  in 
world  markets. 


The  Gulf  Coast  is  expected  to  remain  the  primary  con¬ 
centration  of  chemical  processing  capacity,  although  re¬ 
gional  centers  in  New  Jersey,  along  the  Ohio  River  and 
tributaries,  near  Chicago,  in  Michigan,  along  the  South 
Atlantic  Coast,  in  Puerto  Rico,  in  the  Pacific  Northwest, 
and  in  California  will  remain  important.  As  world  petro¬ 
leum  prices  rise,  and  coal  based  petrochemical  feedstocks 
and  coal  use  for  fuel  and  power  needs  become  increasingly 
economically  attractive,  a  potential  shift  to  the  Ohio 
River  and  its  tributaries,  the  Tennessee  and  Lower  Upper 
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Mississippi  rivers  to  secure  access  to  coal  without  need 
for  intermediate  transportation  becomes  feasible. 

Regional  activity  shifts  across  scenarios  reflect  the 
changing  national  levels  of  activity.  Differences  in  the 
national  level  of  activity  occur  across  macroeconomic 
alternatives,  with  industrial  chemical  domestic  demands 
highest  in  'TRENDLONG',  and  lowest  in  "BADENERGY', 
reflecting  the  impact  of  rising  petroleum  prices  on  the 
cost  of  petrochemical  feedstocks  and  resultant  decline  in 
growth  rates  for  industrial  chemicals  and  chemical  pro¬ 
ducts  as  feedstock  costs  are  passed  through  to  final  pro¬ 
ducts,  while  domestic  traffic  for  fertilizers  is  highest 
in  'BADENERGY'  and  lowest  in  "TRENDLONG1,  due  to  higher 
domestic  and  export  grain  market  demands  with  concurrent 
changes  in  the  level  of  fertilizers  consumed.  Fertilizer 
chemicals  foreign  trade  was  forecast  to  be  similar  across 
the  three  macroeconomic  alternatives,  and  thus  acts  as  a 
moderating  influence  on  the  shifts  of  industrial  chemicals 
across  alternatives.  Industrial  chemicals  imports  are 
highest  for  'BADENERGY',  while  exports  are  highest  for 
' LARGERGOVT ' ,  while  imports  are  lowest  for  'LARGERGOVT' 
and  exports  are  lowest  for  'BADENERGY'.  The  increased 
penetration  of  both  domestic  and  overseas  markets  by 
foreign  producers  with  access  to  low  cost  raw  materials 
(OPEC,  Mexico,  Canada)  results  in  the  foreign  trade  sector 
behavior  for  "BADENERGY",  while  in  "LARGERGOVT'  the  re¬ 
duced  size  of  the  domestic  market  by  government  crowding 
out  forces  United  States  producers  to  export  aggressively 
and  defend  the. United  States  market  against  penetration  by 
imports  to  maintain  sales  and  production  levels.  Since 
the  magnitude  of  industrial  chemicals  exceeds  that  of  fer¬ 
tilizers,  chemical  industry  trends  more  nearly  reflect  the 
industrial  chemical  industry  behavior. 


(c)  Key  Industry 
_ Developments 


Key  industry  developments  include  the  model  assump¬ 
tions  concerning  the  trajectory  of  OPEC  pricing  decisions 
which  are  adopted  from  the  Energy  Model  (see  Crude  Petro¬ 
leum).  As  crude  petroleum  prices  rise  substitution  in  the 
market  place  back  to  metal  and/or  agricultural  products  or 
at  least  lessened  r  tes  of  market  penetration  for  new 
applications  of  chemicals  and  chemical  products  becomes  a 
possibility.  The  technology  change  to  heavy  gas/oil  feed¬ 
stocks  from  today's  use  of  light  petroleum  cuts,  naptha, 
and  natural  gas  remains  a  problem  in  technology  develop- 


ment  and  in  marketing  to  find  applications  for  the  differ¬ 
ing  mix  of  products  derived  from  the  alternative  feed¬ 
stocks.  Forecast  risks  included  the  above  items,  along 
with  the  potential  relocation  to  Midwestern,  Northern 
Appalachian,  and  Southern  Appalachian  coal  source  loca¬ 
tions  of  moderate  amounts  of  chemical  industry  capacity, 
which  is  dependant  upon  the  successful  development  of 
coal-based  feedstock  technology. 

DISTRIBUTION  SYSTEMS 


The  analysis  of  chemical  and  chemical  products  distri¬ 
bution  and  logistics  systems  included  consideration  of: 

(1)  current  and  future  trends  in  industry  location  by  type 
of  chemical  processing  industry,  (2)  factors  affecting 
differential  growth  rates  in  regional  industry  capacity 
and  locations  of  incremental  capacity  expansion,  (3)  modal 
comparative  economics,  relative  costs,  attributes  and  com¬ 
petitive  advantages,  (4)  shifts  in  the  source,  nature  and 
costs  of  the  supply  of  chemical  raw  materials,  especially 
petrochemical  feedstocks,  including  the  use  of  coal  as 
direct  or  indirect  feedstock  sources,  (5)  locational 
impacts  on  industry  capacity  resulting  from  feedstock 
shifts,  (6)  shifts  in  demand  for  chemical  end-products  and 
the  changes  in  demand  for  raw  materials  resulting  from 
waterway  and  other  modes  capacity  expansions,  and  finally, 
(7)  impacts  of  government  regulations  affecting  production 
and  transportation  of  hazardous  substances  and  environ¬ 
mental  issues,  and  other  relevant  factors.  These  factors 
are  discussed  in  detail  in  the  following  subsections. 

(a)  Role  of  Water 

_ Distr ibution 

Key  end  markets  for  waterborne  distribution  of  chemi¬ 
cals  are  in  the  movement  of  high  volume,  low  value  bulk 
intermediates  and  raw  materials.  Higher  valued  inter¬ 
mediates,  small  to  medium  volume  shipments  of  raw  mate¬ 
rials  and  intermediates,  and  finished  products  tend  to 
move  by  rail,  or  truck  for  short  haul  movements.  Major 
modal  competition  includes  pipeline  for  transportation  of 
volatile  gases  (ammonia,  ethylene,  propylene)  and  rail  for 
a  wide  range  of  chemicals  in  low  to  moderately  high  volume 
shipments.  Major  originating  regions  of  waterborne  chemi¬ 
cals  include  the  Gulf  Coast  West  (22,851,778  tons  in 


1977),  Baton  Rouge-Gulf,  the  Middle  Atlantic  Coast,  the 
domestic  Caribbean,  the  Ohio  River,  the  California  Coast, 
and  the  Gulf  Coast  East  (1,321,328  tons  in  1977).  Major 
terminating  areas  include  the  Gulf  Coast  West  (10,803,403 
tons  in  1977),  the  Middle  Atlantic  Coast,  the  Ohio  River, 
Baton  Rouge-Gulf,  the  Illinois,  The  Wash i ngton/Or egon 
Coast,  the  Tennessee,  The  Columbia/Snake  Waterway,  the 
Gulf  Coast  East,  and  the  California  Coast  (1,234,065  tons 
in  1977).  The  Middle  Atlantic  Coast,  Gulf  Coast  West  and 
Baton  Rouge-Gulf  are  the  most  important  foreign  trade 
segments . 


(b)  Factors  Affecting 
Mode  Choice 


The  single  most  important  factor  affecting  modal 
choice  for  industrial  chemical  shipments  is  the  volume  of 
the  shipments.  Barge  rates  have  historically  been  less 
than  rail  rates,  but  barge  transportation  is  best  suited 
for  repetitive,  large  volume  shipments  rather  than  small 
or  erratic  shipments.  The  technology  of  pipeline  is 
unsuitable  except  for  pipelines  dedicated  to  single  or 
comingable  products  due  to  contamination  problems  between 
different  product  shipments.  Rail  and  barge  technology  is 
mature,  and  is  more  affected  by  regulatory  impacts  con¬ 
cerning  environmental  and  worker  safety  issues  than  by 
advances  in  the  underlying  transportation  technology. 
Chemicals  processing  facilities  are  long-lived,  capital 
intensive  production  facilities.  Chemical  production 
facilities,  once  sited  and  constructed,  are  inelastic  in 
demand  for  transportation  services,  since  the  incremental 
costs  of  increased  transportation  charges  are  a  small 
fraction  of  the  total  cost  of  production  and  annualized 
investment  costs.  Thus,  chemical  movements  by  water  are 
more  affected  by  long  term  changes  in  the  cost  of  money, 
(which  affects  plant  size  and  target  market  area,  leading 
to  changes  in  the  level  of  transportation  needs)  than  by 
short  term  changes  in  relative  modal  prices.  Compounding 
this  is  the  common-place  need  for  dedicated  equipment  to 
avoid  cleaning  charges  or  contamination  problems  and  the 
need  for  highly  specialized  and  expensive  equipment  for 
marine  transportation  of  chemicals.  The  effect  of  these 
is  to  reduce  the  short-term  sensitivity  of  demand  to 
marine  transportation  cost  changes,  once  the  initial 
decision  has  been  made  to  ship  by  water. 
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(c)  Distribution  System 
_ Changes _ 


Evolving  trends  in  chemical  distribution  systems  in¬ 
clude  ongoing  relocations  of  industry  capacity  to  water 
served  locations,  and  attempts  to  shift  terminalling  acti¬ 
vities  by  some  major  merchant  chemical  companies  onto 
their  customers  rather  than  maintaining  that  role  for 
themselves.  Potential  developments  in  chemical  distri¬ 
bution  for  industrial  chemicals  include  a  potential  shift 
of  moderate  amounts  of  capacity,  with  moderate  impact  on 
waterborne  transportat  n  volumes  during  the  late  1980 ' s 
and  throughout  the  199t  s,  to  plant  locations  along  the 
Ohio,  Tennesee,  and  Lower  Upper  Mississippi  Rivers  to  take 
advantage  of  local  coal  deposits,  either  as  a  feedstock, 
or  as  an  inexpensive  power  and  fuel  source.  Impacts  of 
increasingly  stringent  EPA,  OSHA,  and  DOT  reulations 
affecting  hazardous  substances  production  and  transporta¬ 
tion  may  shift  relative  modal  costs  in  favor  of  modes 
other  than  barge,  as  well  as  reducing  shipments  of  some 
substances  by  all  modes.  Direct  imports  of  chemicals  from 
Canada,  Mexico  and  OPEC  are  likely  to  increase  in  the 
forecast  period.  Risks  in  the  distribution  systems  deve¬ 
lopments  include  the  successful  development  of  a  coal- 
-based  feedstock  for  chemicals  and  the  impact  this  has  on 
industry  locational  trends,  and  the  impacts  that  govern¬ 
ment  regulations  will  have  on  industry  regional  production 
levels  and  chemical  product  distribution.  No  major  shifts 
are  expected  for  the  fertilizer  industry,  which  is  ex¬ 
pected  to  remain  in  its  currently  predominant  locations  of 
the  Gulf  Coast  East  and  Baton  Rouge-Gulf. 


WATERBORNE  DEMAND 
PROJECTIONS 


The  Chemical  Flow  Model  forecasts  demands  for  water¬ 
borne  chemical  flows  under  macroeconomic  alternatives, 
using  an  analytic  framework  that  incorporated  the  rela¬ 
tionships  between  the  individual  chemical  products  and  the 
CCDWC  codes  into  which  they  are  classified,  forecasts  of 
the  production,  imports,  exports  and  consumption  of  indi¬ 
vidual  chemical  products,  regional  trends  in  chemical 
industry  processing  capacity  by  type  of  chemical  product 
accounting  for  factors  affecting  diffential  growth  rates 
across  regions  and  incremental  capacity  expansion  by 
region,  developments  in  industry  process  technology, 
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changes  in  industry  logistics  and  distribution  systems, 
shifts  in  relative  modal  costs  and  other  relevant  factors. 


(a)  Projection  Summary 

By  2003,  total  waterborne  chemicals  traffic  increases 
from  77,758,404  tons  in  L977  to  149,952,756  tons,  a  93% 
increase,  reflecting  a  2.6%  per  year  growth  rate.  Domes¬ 
tic  traffic  increases  at  3.3%  per  year  from  1977  to  2003, 
from  46,093,250  tons  to  105,869,827  tons  in  2003,  a  130% 
increase  over  1977  traffic  levels.  Exports  increase  25% 
to  2003,  achieving  a  growth  rate  of  .86%  per  year,  chang¬ 
ing  from  20,892, .426  tons  in  1977  to  25,968,809  tons  in 
2003,  after  rising  to  30,892,246  tons  in  1980  and 
32,722,780  tons  in  1985.  Imports  show  upward  trends  from 
1977,  10,856,955  tons,  to  2003,  18,114,120  tons,  a  67% 

increase  over  1977  values  and  a  2%  per  year  growth  rate. 
The  chemical  traffic  forecasts  contain  results  for  both 
industrial  and  fertilizer  chemicals.  Growth  rates  and 
factors  affecting  waterborne  flows  in  the  two  end  sectors 
of  the  chemical  industry  differ,  and  consequently,  flow 
forecasts  for  the  two  groups  were  performed  separately. 
Results  from  the  traffic  demand  forecasts  were  combined 
and  are  presented  together  in  this  report  in  a  single  set 
of  results. 


(b)  Major  Market  Shifts 

Major  market  shifts  in  waterborne  transportation  de¬ 
mand  for  chemical  categories  generally  follow  the  annual 
compound  growth  figures  presented  above  in  Table  X-I  and 
in  the  text  above  in  the  "Industry  Outlook"  section. 
Domestic  movements  of  CCDWC  2819,  a  component  of  'Other' 
chemicals,  along  with  domestic  movements  of  CCDWC  2811, 
CCDWC  2813,  and  CCDWC  2817  exhibit  high  growth.  CCDWC 
2811  and  CCDWC  2819  also  exhibit  high  growth  rates  for 
imports  to  2003,  but  declines  for  1980  from  1977  due  to 
controlled  United  States  crude  petroleum  prices.  Exports 
of  CCDWC  2811  show  a  high  jump  in  1980,  reflecting  con¬ 
trolled  United  States  crude  petroleum  prices,  but  decline 
to  near  1977  levels  for  1985  to  2003.  WCCS  2819,  the  pri¬ 
mary  foreign  trade  component  of  'Other'  chemicals,  exhi¬ 
bits  high  growth  rates  for  imports  to  2003,  along  with 
substantial  boosts  in  1900  for  exports  of  CCDWC  2819, 

CCDWC  2821,  and  CCDWC  2823,  reflecting  United  States 
production  costs  having  artificially  low  values  due  to 
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controlled  United  States  petroleum  prices,  with  sharp 
drops  for  1985  after  decontrol  in  1982.  These  trends  are 
partially  masked  at  the  'Other'  chemical  reporting  com¬ 
modity  level  by  the  inclusion  of  several  chemical  cate¬ 
gories  in  the  'Other'  reporting  commodity  category  whose 
foreign  trade  flows  do  not  reflect  these  trends  and  exhi¬ 
bit  instead  rather  steady  but  slow  increases  over  time  for 
both  domestic  and  foreign  trade  traffic,  and  result  in 
'Other'  chemical  traffic  growth  rates  being  less  than  that 
for  CCDWC  2819.  The  apparent  historically  consistent  mis- 
classification  of  foreign  trade  flows  for  CCDWC  2810, 

CCDWC  2813,  and  CCDWC  2817  into  CCDWC  2819,  and  the  con¬ 
tinuation  of  this  into  the  forecast  period  removes  the 
need  to  discuss  foreign  trade  flows  for  these  three  chemi¬ 
cal  categories.  Sulphuric  acid  foreign  trade  flows  have 
historically  been  minimal,  and  are  expected  to  continue 
so.  Domestic  sulphuric  acid  shipments  grow  at  approxi¬ 
mately  1%  per  year  reflecting  the  impact  of  increased  pro¬ 
duction  of  recovered  sulphur  at  widely  scattered  locations 
in  small  to  moderate  tonnage  volumes,  which  lessens  the 
demand  for  bulk  sulphuric  acid  waterborne  transportation. 
Waterborne  shipments  of  CCDWC  2810  reflect  the  same  low 
growth  as  production  of  CCDWC  2810.  Chemical  fertilizers 
show  strong  growth  in  shipments  to  rivers  serving  the  Corn 
Belt,  while  fertilizer  exports  grow  rapidly  to  1985,  and 
then  decrease  steadily  as  phosphate  rock  production  in 
Central  Florida  declines. 


(c)  Waterborne  Flow 
_ Developments 

Tables  X-2 ,  X-3 ,  X-4,  and  X-5  present,  respectively, 
domestic  traffic  (tons)  originated  and  terminated  by  NWS 
Reporting  Segment,  domestic  traffic  (tons)  by  internal  NWS 
Reporting  Segment  for  traffic  movements  traversing  all  or 
part  of  an  internal  NWS  Reporting  Segment,  domestic  traf¬ 
fic  (ton-miles)  by  internal  NWS  Reporting  Segment  for 
traffic  movements  traversing  all  or  part  of  an  internal 
NWS  Reporting  Segment,  and  foreign  trade  traffic  (tons) 
exported  and  imported  by  NWS  Reporting  Segment. 


Domestic  Chemical  traffic  on  the  waterways  extends  to 
every  NWS  Reporting  Segment.  Some  segments,  however,  are 
decidely  more  major  in  tonnage  flows  than  other  segments. 
The  more  important  traffic  segments  were  mentioned  above 
for  domestic  originations,  domestic  terminations,  and 
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foreign  trade  for  1977  traffic  movements  above  in  the 
"Role  of  Water  Transportation"  section.  These  segments 
are  expected  to  remain  major  in  tonnage,  although  the 
Ohio,  Baton  Rouge-Gulf,  and  Gulf  Coast  West  exhibit  the 
largest  increases  in  originated  and  terminated  tonnages  to 
2003.  Domestic  chemical  traffic  is  expected  to  generally 
display  sustained  increases  in  traffic  over  both  the 
1977-1990  and  1990-2003  periods  for  both  originating  and 
terminating  flows  across  individual  NWS  Reporting  Seg¬ 
ments.  Exceptions  to  this  include  the  Hawaii  and  domestic 
Pacific  and  California  Coast  segments,  where  minor  de¬ 
clines  in  tonnage  from  1977  to  1980  are  evidenced  due  to 
environmental  constraints.  Growth  rates  are  generally  in 
the  range  of  2%  per  year  to  4%  per  year  for  originations 
and  terminations  for  1977-1990  and  1990-2003.  The  growth 
on  the  Ohio  River  of  7.2%  per  year  for  1990-2003  for  ori¬ 
ginations  reflects  the  impact  of  industry  relocation  for 
access  to  coal.  Shifts  in  domestic  traffic  include  sub¬ 
stantial  increases  in  originated  and  terminated  traffic  on 
the  Ohio  River  and  tributaries,  the  Tennessee,  and  Lower 
Upper  Mississippi  Rivers  to  gain  access  to  coal  for  fuel 
and  power  uses  and  raw  material  uses  as  feedstocks,  as 
siting  of  plants  in  these  locations  increase,  particularly 
through  the  1985-2000  period.  Fertilizers  terminations 
are  prominent  on  three  rivers,  the  Ohio,  the  Illinois,  and 
the  Upper  Mississippi,  at  1,104,000,  1,169,000,  and 
1,314,000  tons  in  1977  respectively,  growing  to  2,887,000, 
3,547,000,  and  3,519,000  tons  in  2003.  Fertilizer  origi¬ 
nations  are  promisent  at  Baton  Rouge-Gulf,  Gulf  Coast 
West,  and  Gulf  Coast  East,  at  3,676,000,  786,000,  and 
704,000  tons  in  1977,  rising  to  7,9992,000,  1,263,000  and 
1,217,000  tons  respectively  in  2003. 


Tonnage  and  ton-mile  changes  for  internal  segments 
generally  reflect  similar  changes  across  the  two  traffic 
concepts.  The  changes  are  generally  similar  to  the 
changes  for  originated  and  terminated  domestic  traffic  by 
segment,  and  are  generally  between  the  value  of  the 
changes  for  originated  and  terminated  traffic  for  each 
segment.  Exceptions  to  this  include  the  Lower  Upper 
Mississippi,  where  traffic  destined  for  the  Illinois  and 
Upper  Mississippi  Rivers  boosts  Lower  Upper  Mississippi 
tonnage  and  ton-mile  changes  above  the  originated  and  ter¬ 
minated  tonnage  changes  for  the  Lower  Upper  Mississippi. 


191 


•t-nsr  «»*•*  <?.- 


—  —  a 

-=•  5;J- 

x  “ji: 

4,  C  -  ^  a 
<  _  */• 

C  »  C  U 
i—  -  a  — 
a  w’  ~  - 

2  >  A 

«*  c - - 

z  -  a  a 


f>  *  c  O'  r~iP 


O'  \C  r*  r\  tj*  &  Q 

ifi  ■?  t*>  «C  -  ff.  —i 

“  »*•  n,  «  O'  n  r. 


*  o  c  -  c 

n  ■  f*;  o  Ifl  c 

*>  r-  o  ®  -c 


r>o"t»iriir'r~o^' 


«r  o  —  o 


-  r'1  -  Q  r> 

-  O'  o  O  «. 


«Ttr*o«Nr><f>- 


(N  •«-  —i  •/!  33  r« 

®  n  <■>  ®  «•  ,»  _ 

'''<C^3'<Nyrfl- 


y'  »  x>  ~  <S  a  a  -  -  - 

*’  *•  ^  *  tC  tt 

*  -  *  ti  A  Z  X 

*  -  i  &  ~  -  f.  <0i". 

.  “Tcrw.i^^c 


>K  J 


107  01  N'JMMIH 

'nil  I  ■»  H'lJrt  »  .jNfWlO  JNM)H0  3J»« 


Foreign  trade  traffic  in  chemicals  is  prevalent  for 
both  exports  and  imports.  The  United  States  is  a  net 
exporter  of  chemicals  and  is  forecast  to  remain  so  during 
tlie  forecast  period,  although  the  excess  of  exports  over 
imports  will  decline.  Segments  exporting  major  tonnages 
of  chemicals  include  the  Gulf  Coast  West,  Baton  Rouge- 
Gulf,  Middle  Atlantic  Coast,  California  Coast,  and  domes¬ 
tic  Caribbean.  Segments  importing  major  tonnages  of  chem¬ 
icals  include  the  Middle  Atlantic  Coast,  the  Washington- 
Oregon  Coast,  the  Columbi a-Snake  Waterway,  Gulf  Coast 
West,  and  Baton  Rouge-Gulf.  Fertilizer  foreign  trade 
movements  are  important  at  Baton  Rouge-Gulf,  Gulf  Coast 
East,  and  Gulf  Coast  West. 


Waterborne  chemical  flows  will  exhibit  some  shifts 
over  the  forecast  period.  In  particular,  a  moderate  shift 
from  Gulf  Coast  locations,  with  moderate  impact  on  ship¬ 
ping  volumes,  of  industry  capacity  from  the  Gulf  coast  to 
the  Ohio,  Tennessee,  and  Lower  Upper  Mississippi  River 
segments  is  expected  to  occur,  due  to  coal  based  chemical 
facilities.  Substantial  volumes  of  coal  based  chemical 
facilities  are  expected  to  be  built  along  the  Gulf  Coast 
and  the  lower  reaches  of  the  Mississippi  River.  The  lat¬ 
ter  plants  will  not  act  to  alter  flow  patterns  of  chemi¬ 
cals,  while  the  former  representing  a  shift  in  industry 
location,  will  act  to  shift  flow  patterns.  Terminations, 
while  affected  to  an  extent,  are  not  affected  as  much  as 
originations  due  to  the  downstream  derivative  processing 
plants  substantially  remaining  in  their  current  loca¬ 
tions.  Other  major  displacements  in  flows  patterns  are 
not  expected.  Gulf  Coast  locations  are  expected  to  remain 
prominent  in  indus _ry  capacity  and  plant  sites,  as  envi¬ 
ronmental  constraints  reduce  new  facility  developments  on 
the  West  and  East  Coasts. 


Flow  forecast  risks  include  the  impact  of  ever  in¬ 
creasing  OPEC  prices  on  crude  petroleum,  the  effects  this 
has  on  demand  for  petroleum  based  chemicals  and  indirectly 
on  demand  for  transportation  of  chemicals,  the  successful 
development  of  a  coal  based  chemical  feedstock  technology, 
and  the  impacts  this  has  on  industry  location  of  new 
capac i ty . 
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XI 


PETROLEUM  AND  COAL  PRODUCTS 


INDUSTRY  OUTLOOK 


The  Petroleum  and  Coal  Products  Industry  Model  used 
for  forecasting  petroleum  product  demands  and  supplies  is 
a  subset  of  the  Energy  Model  (see  Crude  Petroleum)  which 
is  a  comprehensive  modeling  system  that  forecasts  prices, 
production,  imports  and  exports,  supplies,  and  demands  for 
several  alternative  energy  sources  including  petroleum 
(crude  and  refined  products),  natural  gas,  coal,  nuclear, 
solar,  hydro,  exotic,  etc.  for  use  in  several  end  markets 
(commercial,  residential,  utility,  industrial,  and  trans¬ 
portation)  for  both  fuel  and  power  uses  and  raw  materials 
uses.  The  model's  level  of  regional  detail  extends  down 
to  13  separate  Energy  Demand  Regions  for  which  regional 
demands  of  energy  by  source  and  end-use  are  reported.  The 
petroleum  products  covered  in  the  model  are  gasoline,  jet 
fuels  kerosine,  distillate  fuels,  residual  fuels,  and 
"other"  petroleum  products,  for  which  petroleum  coke, 
still  gas,  asphalt  and  road  oil,  special  napthas,  liqui¬ 
fied  gases,  lubes  and  waxes,  and  petrochemical  feedstocks 
are  forecasted  and  reported  separately.  For  the  purposes 
of  this  study  jet  fuels  and  kerosine  were  combined  for 
reporting  purposes  as  were  the  components  of  the  "other" 
petroleum  products  listed  above,  each  group  forming  a 
single  analysis  commodity  group.  The  model  considers 
regional  economic  activity,  employment  levels,  transpor¬ 
tation,  industrial,  and  urban  infrastructures,  other 
regional  economic  variables,  and  national  factors  in  fore¬ 
casting  regional  supplies  and  demands  for  energy,  includ¬ 
ing  petroleum  products. 


(a)  Industry  Background 

The  petroleum  product  industry  refines  crude  petroleum 
into  refined  petroleum  products,  principally  gasoline,  jet 
fuel  and  kerosine,  distillate  fuels,  residual  fuels,  and 
"other"  petroleum  products,  and  oversees  the  distribution 
and  marketing  of  these  products.  In  1977  the  industry 
consumed  14.79  million  barrels  per  day  (mmbd)  of  crude 
petroleum;  produced  7.4  mmbd  and  imported  .2  mmbd  of 
gasoline;  produced  3.1  mmbd  and  imported  .2  mmbd  of  dis¬ 
tillate  fuels;  and  produced  1.6  mmbd  and  imported  1.3  mmbd 
of  residual  fuels,  while  other  products  (jet  fuels  and 
kerosine,  other  petroleum  products)  were  produced  in 


considerably  less  volume.  Technology  employed  in  petro¬ 
leum  refining  is  experiencing  evolutionary  rather  than 
revolutionary  changes.  Process  technology  suitable  for 
cracking  of  heavy  sour  crudes  is  becoming  more  commonly 
used,  particularly  on  the  West  Coast  and  other  locations 
refining  heavy  Californian  or  Alaskan  crudes  or  imports  of 
foreign  heavy,  sour  crudes.  Imports  of  petroleum  products 
are  present  on  all  coasts,  but  predominate  on  the  East 
Coast,  where  the  North  Atlantic  Coast,  Middle  Atlantic 
Coast,  and  South  Atlantic  Coast  all  receive  substantial 
imports  of  products,  particularly  of  residual  fuels. 
Exports  of  petroleum  products  other  than  lubes  and  waxes 
are  either  minor  in  magnitude  or  considerably  less  than 
imports.  Demands  for  products  have  grown  at  different 
rates,  but  historically  demands  for  all  products  have 
exhibited  upward  trends  through  the  1960s  and  1970s. 

(b)  National  and 

_ Regional  Forecasts 

Table  XI-1  presents  consumption  figures  for  a  variety 
of  petroleum  products.  Total  energy  demand  is  forecast  to 
grow  at  an  average  annual  compound  rate  of  1.89%  for  the 
1977-2003  period,  while  aggregate  petroleum  product  con¬ 
sumption  ( Btu  basis  -  energy  content)  grows  at  a  rate  of 
.49%  for  fuel  and  power  uses,  3.5%  for  raw  material  uses, 
and  .89%  for  all  uses  combined.  The  cause  for  the  low 
growth  rate  for  fuel  and  power  uses  of  petroleum  products 
relative  to  total  energy  demand  reflects  the  increasing 
relative  cost  of  petroleum  products  compared  to  alterna¬ 
tive  energy  sources,  while  the  high  growth  rate  for  raw 
material  uses  reflects  high  demand  for  petrochemicals  and 
construction  activity  uses  of  asphalt  and  related  petro¬ 
leum  products.  National  gasoline  demand  declines  from 
1977  to  1990  at  -.94%  per  year  (average  annual  compound 
growth  rate)  after  which  it  increases  at  .52%  per  year  to 
2003.  Gasoline  trends  show  mixed  results  at  the  regional 
level,  with  snowbelt  states  exhibiting  the  highest  de¬ 
clines,  and  sunbelt  regions  exhibiting  the  highest  growth. 
Shifts  in  gasoline  demand  reflect  its  rising  real  price,  a 
more  fuel  efficient  motor  vehicle  stock  with  increased  use 
of  diesel  (distillate)  fuel  powered  vehicles,  and  increas¬ 
ing  population.  Jet  fuel  and  kerosine  exhibit  growth  at 
2.25%  per  year  for  1977-1990,  lessening  to  1.09%  per  year 
from  1990  to  2003.  The  growth  reflects  increased  use  of 
air  transportation  with  regional  growth  highest  for  highly 
urbanized  regions.  Distillate  fuel  demands  grow  at  2.81% 
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per  year  for  1977-1990,  and  at  1.2%  per  year  for  1990-2003 
These  high  growth  rates  reflect  increased  use  of  diesel 
powered  trucks  and  cars,  and  continued  expansion  of  de¬ 
mands  in  the  commercial,  light  industry,  and  residential 
sectors.  Regional  trends  are  mixed,  with  northeastern 
states  showing  the  least  growth,  and  sunbelt  regions 
exhibiting  the  highest.  The  industrial  midwest  shows 
moderately  high  growth.  Residual  fuels  decline  at  -1.2% 
per  year  for  1977-1990,  and  at  -1.8%  for  1990-2003. 


The  decline  results  from  legislative  and  regulatory 
impacts  affecting  fuel  use  choices  for  large  industrial 
and  electric  utility  users  of  residual  fuels,  the  primary 
users  of  resid.  As  the  existing  capital  stock  of  resid- 
fired  boilers  rolls  over,  replacement  by  resid-fired 
boilers  is  prohibited,  forcing  a  downward  trend  in  demands 
for  residual  fuels.  Residual  fuels  are  mostly  used  where 
waterborne  delivery  is  feasible,  along  the  East,  Gulf  and 
West  Coasts,  and  along  rivers  and  lakes  in  the  industrial 
midwest.  Regional  trends  are  mixed,  with  the  Gulf  Coast 
showing  an  increase,  while  all  other  regions  exhibit  de¬ 
creases,  with  the  East  Coast  and  the  industrial  midwest 
having  the  greatest  declines  in  demand.  Imports  of  re¬ 
sidual  fuels,  which  are  the  largest  component  of  total 
petroleum  product  imports,  exhibit  similar  declines. 
"Other"  petroleum  products  exhibit  increases  in  demand  for 
1977-1990  of  2.7%  per  year  and  2.75%  per  year  for  1990- 
2003.  The  increased  use  of  raw  material  uses  of  petroleum 
products,  largely  contained  within  this  category,  accounts 
for  the  demand  growth.  Regional  trends  are  mixed,  with 
the  greatest  growth  occurring  along  the  Gulf  Coast  result¬ 
ing  from  petrochemical  complexes.  The  most  important 
shifts  in  share  between  products  occurs  in  the  shift 
between  residual  fuels  and  distillate  fuels,  resulting 
from  the  continued  growth  of  distillate  for  commerical, 
residential,  and  transportation  uses  while  the  heavy 
industry  and  utility  uses  of  residual  fuels,  the  primary 
end-uses  of  resid,  diminish  as  substitution  by  coal, 
natural  gas  and  electricity  from  coal,  nuclear  and  hydro 
take  place.  Gasoline  also  loses  share,  resulting  from  its 
declining  to  weakly  increasing  growth  rates,  while  jet 
fuels,  kerosine  and  other  petroleum  products  all  gain 
share  as  continued  growth  in  demand  occurs.  Demand  and 
supply  changes  exist  across  the  macroeconomic  alterna¬ 
tives,  with  'BADENERGY'  displaying  flat  demand  for  total 
petroleum  products  use,  opposed  to  the  .85%  per  year 
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growth  exhibited  in  1 TRENDLONG 1 ,  while  'LARGERGOVT'  dis¬ 
plays  about  two-thirds  of  the  growth  associated  with 
’TRENDLONG'.  The  mixed  trends  for  individual  petroleum 
products  exhibited  in  ’TRENDLONG’  are  repeated  for  the 
other  two  macroeconomic  alternatives,  but  reflect  the 
lower  growth  rates  implied  by  the  changes  in  total  petro¬ 
leum  product  demand.  Changes  in  regional  levels  in  the 
macroeconom i c  alternatives  reflect  the  differing  level  of 
demand  and  supplies  present  in  the  national  forecasts. 


(c)  Key  Industry 


Developments 


The  most  important  factor  affecting  demands  for  petro¬ 
leum  products  (and  also  for  crude  petroleum)  is  the  price 
trajectory  pursued  by  OPEC.  With  United  States  decontrol 
of  crude  to  world  market  levels  scheduled  to  be  accom¬ 
plished  by  1982,  and  world  prices  of  crude  effectively  set 
by  OPEC,  increased  use  of  alternative  energy  sources  will 
be  achieved.  The  rate  of  the  shift  depends  largely  upon 
the  crude  prices  set  by  OPEC.  'TRENDLONG'  alternative 
assumes  a  3.8%  annual  increase  in  the  real  price  of  crude 
petroleum,  while  'BADENERGY'  assumes  a  4.9%  increase  in 
price.  Deviations  from  these  price  increase  forecasts 
will  alter  the  rates  of  development  of  coal,  hydro, 
nuclear,  oil  shale  and  coal  based  synfuels  development 
programs,  while  conservation  and  price  induced  demand 
reductions  wLll  also  assume  different  values.  Through 
1982  prices  for  petroleum  products  will  grow  at  a  con¬ 
siderably  faster  rate  than  prices  for  OPEC  crude,  as 
domestic  oil  moves  from  controlled  levels  to  parity  with 
world  oil.  After  1982  domestic  petroleum  product  prices 
are  based  wholly  on  crude  priced  at  world  levels.  How¬ 
ever,  the  non-crude  cost  components  of  refining  will  not 
grow  at  world  crude  price  growth  rates,  and  thereafter 
product  prices  will  grow  at  slightly  lower  than  world 
crude  rates.  Refinery  technology  will  continue  to  undergo 
evolutionary  shifts,  particularly  in  the  ability  to  pro¬ 
cess  heavy,  sour  crudes  into  low  sulphur  fuel  oils  and 
gasoline.  Massive  domestic  crude  petroleum  discoveries, 
nuclear  moratoriums,  abandonment  of  coal  resources  as  an 
energy  source,  or  other  dramatic  shifts  in  energy  policy 
are  not  included  in  the  forecast  assumptions. 
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DISTRIBUTION  SYSTEMS 


The  analysis  of  petroleum  product  distribution  and 
logistics  systems  included  consideration  of  current  and 
future  trends  in  refinery  location,  bar ge/pipe 1 i ne/ tanker 
comparative  economics  and  relative  costs,  modal  attributes 
and  competitive  advantage,  shifts  in  the  levels  of  supply 
and  demand  of  petroleum  products  at  both  regional  and 
national  levels  both  across  aggregated  petroleum  products 
and  within  individual  petroleum  products,  waterway,  port 
facility,  and  pipeline  system  expansions,  impacts  of 
government  regulations  affecting  production  and  transpor¬ 
tation  of  hazardous  substances  and  environmental  issues, 
and  other  relevant  factors. 


(a)  Role  of  Water 
Transportation 

The  role  of  water  transportation  for  petroleum  prod¬ 
ucts  is  to  provide  transportation  of  products  to  or  from 
facilities  and  locations  not  adequately  served  by  economi¬ 
cal  pipeline  connections.  Waterborne  shipments  originate 
from  most  waterside  refineries,  and  from  ex-pipe  water- 
served  terminals  and  waterfront  distribution  terminals, 
moving  to  waterfront  distribution  terminals  and  to  large 
waterfront  consumers  of  products.  Rail  and  truck  are 
complementary,  rather  than  competing  carriers.  Pipeline 
transportation  is  not  as  dominant  in  product  distribution 
as  in  crude  distribution,  due  to  the  greater  number  of 
receiving  locations  (terminals  and  consumers)  and  smaller 
flows  to  each  location  compared  to  crude  flowing  in  large 
quantities  to  refineries.  Barge  is  more  suited  for  the 
final  delivery  step,  due  to  pipeline's  need  for  large 
concentrated  flows  to  be  economical.  Barge  also  serves  as 
a  peak  load  mode  when  pipeline  systems  are  at  capacity  or 
not  present.  In  1977  pipeline  carried  36%  of  product  ton¬ 
nage,  while  water  carried  25%  of  product  tonnage  and  pipe¬ 
line  carried  41%  of  product  ton-miles,  while  water  carried 
51%  of  product  ton-miles. 


(b)  Factors  Affecting 
Modal  Choice 


Factors  affecting  modal  choice  include  the  magnitude 
and  variability  of  demand  at  a  location.  Barge  rates  are 
generally  1.2  to  3  times  point-to-point  pipe  rates,  for 


those  moves  economical  to  accomplish  by  pipe,  but  barge 
can  serve  all  points  along  an  entire  coast  or  river,  while 
pipe  only  serves  specific  locations,  and  once  installed, 
exhibits  little  flexibility  in  supplying  alternative  loca¬ 
tions.  Barge  can  also  easily  supply  varying  quantities, 
while  pipeline  flows  arn  best  suited  for  large  steady 
flows.  Barges'  higher  operating  costs  are  partially  off¬ 
set  by  lower  initial  investments  costs.  In  areas  where 
water  competition  is  possible,  product  pipelines  tend  to 
serve  as  the  long  haul  shipment  mode  for  pipeable  products 
and  also  tend  to  be  large  (Colonial ,  Explorer,  Texas 
Eastern),  while  pipelines  serving  regions  not  accessible 
by  water  are  generally  smaller  in  size  and  assume  more  of 
the  local  distribution  role  of  barge  operations  by  incor¬ 
porating  more  frequent  stublines,  terminals,  and  smaller 
diameters.  This  discussion  is  not  applicable  to  non- 
pipeable  products,  such  as  residual  fuels  and  most  com¬ 
ponents  of  other  petroleum  products,  which  tend  to  move  in 
large  volume  by  water  for  short,  medium,  and  long  dis¬ 
tances  and  will  continue  to  do  so.  These  nonpipeable 
flows  distort  the  aggregate  statistics  reported  above  for 
mode  share,  particularly  the  ratio  of  ton-miles  to  tons 
(average  length  of  haul).  The  technology  associated  with 
barge,  pipeline  and  tanker  transportation  is  mature,  and 
is  more  affected  by  environmental  issues  than  by  advances 
in  the  underlying  technology.  Current  shifts  to  double 
hulled  tank  barges  for  use  on  internal  waterways  from 
single  hulled  craft  will  substantially  add  to  the  cost  of 
barge  construction  costs. 


(c)  Distribution 
_ System  Changes 

Evolving  changes  in  the  petroleum  product  distribution 
system  include  the  current  regulatory  action  to  require 
double  hulled  barges  at  substantial  increases  in  construc¬ 
tion  costs.  Expected  changes  include  the  completion  of 
the  Colonial  Pipeline  expansion  with  transmission  capacity 
to  Baltimore  increased  from  .8  mmbd  to  2.5  mmbd,  This 
will  reduce  Gulf  Coast  to  East  Coast  flows,  as  it  becomes 
possible  to  ship  large  volumes  by  pipe  to  Baltimore  at  a 
cost  less  than  that  of  coastal  waterborne  flows.  Balti¬ 
more  might  become  a  substantial  ex-pipe  barge  loading 
center,  shipping  to  points  on  the  East  Coast,  or  Colonial 
might  expand  north  to  Philidelphia  or  even  to  northern  New 
Jersey  with  increased  transmission  capacity.  Risks  asso¬ 
ciated  with  the  forecast  include  the  level  of  the  general 
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increase  in  pipeline  transmission  capacity,  and  the  efforts 
of  pipeline  transmission  companies,  frequently  financially 
related  to  major  oil  companies,  to  secure  traffic  for  their 
systems  in  the  face  of  declining  or  flat  pipeable  petroleum 
product  demands,  particularly  gasoline. 


WATERBORNE  DEMAND 
PROJECTIONS 


The  Petroleum  Products  Flow  Model  forecasts  demand  for 
waterborne  petroleum  product  flows  under  macroeconomic 
alternatives  for  individual  petroleum  products,  using  as 
inputs  current  pipeline  and  waterborne  product  flows, 
forecasts  of  regional  and  national  production  and  con¬ 
sumption,  imports  and  exports  by  product  from  the  Energy 
Model,  and  shifts  in  industry  logistics  and  distribution 
systems  from  an  analysis  of  industry  logistics  and  distri¬ 
bution  system  changes,  including  waterway,  port  facility, 
and  pipeline  expansions  affecting  both  crude  and  product 
movements,  shifts  in  relative  modal  costs  and  other  rele¬ 
vant  factors. 


(a)  Projection 
Summary 


By  2003  total  petroleum  product  waterborne  traffic 
declines  about  2%  from  1977  levels,  reflecting  declining 
imports  and  exports  and  relatively  flat  domestic  traffic. 
The  traffic  patterns  are  affected  by  declining  (29%  loss) 
residual  domestic  traffic,  declining  (36%  loss)  residual 
import  traffic,  increased  domestic  traffic  (31%  gain)  for 
distillates,  increases  (35%  gain)  for  domestic  jet  fuel 
and  kerosine  traffic,  increases  (83%  gain)  for  other 
petroleum  products  domestic  traffic,  and  declining  (18% 
loss)  domestic  gasoline  movements  from  1977  levels  in 
2003.  Distillate,  jet  fuel  and  kerosine  traffic  increases 
fall  short  of  increases  in  demand,  due  to  pipeline  compe¬ 
tition,  while  gasoline  traffic  losses  exceed  those  of 
gasoline  consumption  declines,  again  due  to  pipeline 
competition.  Residual  fuels  remain  the  largest  single 
petroleum  product  carried  on  the  waterways  in  terms  of 
tons,  despite  its  30%  loss  in  traffic  tonnage  resulting 
from  decreases  in  demands. 
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(b)  Major  Market  Shifts 

The  Largest  market  shift  is  the  large  reduction  in 
share  of  shipments  for  residual  fuels,  despite  it  retain¬ 
ing  the  largest  shipment  volume  of  petroleum  products, 
with  gasoline  also  losing  significant  share,  again  due  to 
reduction  in  demand,  but  in  this  case  augmented  by  pipeline 
competition  for  gasoline  shipments-  Distillates,  jet 
fuels,  kerosine,  and  other  petroleum  products  all  increase 
share.  Table  Xi-2  below  summarizes  the  shifts  in  tonnage 
and  share  for  petroleum  products  in  1977,  1990,  and  2003. 


(c)  Waterborne  Flows 

_ Developments _ 

Tables  XI-3,  XI-4,  XI-5,  and  XI-6  present,  respective¬ 
ly,  domestic  traffic  (tons)  shipped  and  received  by  NWS 
Reporting  Segment,  domestic  traffic  (tons)  by  NWS  Report¬ 
ing  Segment  for  movements  traversing  all  or  part  of  an  NWS 
Reporting  Segment,  domestic  traffic  (ton-miles)  by  NWS  Re¬ 
porting  Segment  for  movements  traversing  all  or  part  of  an 
NWS  Reporting  Segment,  and  foreign  trade  traffic  (tons) 
exported  and  imported  by  NWS  Reporting  Segment.  Petroleum 
product  movements  are  predominantly  in  domestic  traffic, 
although  imports  are  prominent  at  the  East  Coast,  particu¬ 
larly  the  Middle  Atlantic  Coast.  Domestic  flow  patterns 
change  over  the  forecast  period  reflecting  changes  in  re¬ 
gional  and  national  aggregate  and  individual  petroleum 
product  demand  and  supply,  and  pipeline  competition  for 
pipeable  commodities  in  the  form  of  both  increases  in 
pipeline  capacity  and  attempts  by  pipeline  operators  to 
maintain  flows  at  capacity  in  the  face  of  slow  growth  or 
declining  demand  for  the  transportation  of  pipeable 
products . 

Although  product  flows  are  present  in  all  of  the  NWS 
Reporting  Segments  some  segments  are  decidedly  more  major 
in  importance  than  others.  Among  these  are  the  Baton 
Rouge-Gulf,  Ohio  River,  Gulf  Coast  West,  Gulf  Coast  East, 
South  Atlantic,  Middle  Atlantic,  North  Atlantic, 

California  Coast,  and  domestic  Caribbean  segments.  Traf¬ 
fic  exhibits  mixed  trends  across  segments  and  time  per¬ 
iods,  reflecting  the  changing  demand  and  supply  levels  by 
region,  and  the  changing  mix  of  products  within  regions. 
River  segments  along  the  mainstem  Mississippi,  Illinois, 
Ohio,  Missouri,  Warrior,  and  Tennessee  Rivers  exhibit  both 
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increases  in  originated  and  terminated  domestic  traffic, 
reflecting  increased  demand  and  supply  (at  the  aggregate 
petroleum  and  coal  product  level)  in  the  states  bordering 
the  rivers,  ranging  from  .1%  per  year  to  1.3%  per  year 
growth  for  originations  for  1977-1990  and  .2%  per  year  to 
2.1%  per  year  for  terminations,  while  originations  grow  at 
.4%  per  year  to  1.7%  per  year  for  1990-2003  and  termina¬ 
tions  grow  at  .5%  per  year  to  1.7%  per  year.  Growth  is 
highest  along  low  traffic  level  (Missouri,  Tennessee)  seg¬ 
ments  and  lowest  for  high  traffic  level  (Ohio,  Illinois, 
Baton  Rouge-Gulf).  Gulf  Coast  West  and  Gulf  Coast  East 
both  exhibit  minor  decreases  in  originated  shipments  for 
1977-1990  and  minor  increases  in  originated  shipments  for 
1990-2003.  This  weak  growth  reflects  the  weak  growth  in 
aggregated  petroleum  product  demands  during  the  1977  1990 
period  and  a  reversal  to  stronger  demand  growth  through 
2003.  Since  these  segments  ship  large  quantities  of  prod¬ 
ucts  to  many  regions,  including  the  declining  flows  to  the 
North  Atlantic  and  Middle  Atlantic,  the  declining  1977- 
1990  flows  are  to  be  expected.  Terminations  for  the  Gulf 
Coast  West  increases  for  the  1977-2003  period  reflecting 
strong  demands  for  petroleum  products  throughout  Texas  and 
Louisiana,  while  Gulf  Coast  East  terminations  decline 
through  1977-1990  and  increase  at  a  slow  rate  (.2%)  for 
1990-2003  reflecting  lower  demand  growth  than  in  the  Gulf 
Coast  West.  The  South  Atlantic,  Middle  Atlantic,  and 
North  Atlantic  Coasts  are  all  considerable  net  receivers 


of  petroleum  products,  although  the  Middle  Atlantic  re¬ 
ships  considerable  quantities  of  products  to  the  North  and 
South  Atlantic  Coasts,  and  to  itself.  These  flows  gener¬ 
ally  trend  downward,  reflecting  the  declining  demands  in 
New  England  and  Middle  Atlantic  states,  and  weak  demand 
growth  in  the  South  Atlantic  states.  Domestic  Caribbean 
shipments  increase  slowly  over  time  relfectng  increasing 
shipments  of  petroleum  products  to  the  United  States,  es¬ 
pecially  distillate  fuels  and  jet  fuels.  West  Coast  prod¬ 
uct  shipments  generally  increase  for  1977-1990  and  decline 
for  1990-2003  reflecting  slower  growth  in  product  demand 
and  pipeline  competition. 


Tonnage  traffic  for  movements  traversing  all  or  part 
of  and  NWS  Analysis  Segment  generally  follow  the  same 
trends  as  the  trends  for  originated  and  terminated  traffic 
by  segment  discussed  above,  and  typically  reflects  growth 
rates  between  the  originated  and  terminated  traffic  growth 
rates.  Exceptions  to  this  are  those  segments  which  are 
traversed  in  traveling  to  anoher  segment  whose  growth  rate 
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is  higher  than  that  o£  the  segment  being  traversed.  Ex¬ 
amples  of  this  are  Lower  Upper  Mississippi  and  the  Upper 
Mississippi,  where  terminating  shipments  on  the  Upper 
Mississippi  boost  Lower  Upper  Mississippi  tonnage  growth 
rates  above  the  growth  rates  for  Lower  Upper  Mississippi 
originations  and  terminations.  Ton-mile  changes  by  seg¬ 
ment  typically  closely  follow  the  tonnage  changes,  al¬ 
though  the  Gulf  Coast  West  ami  Gulf  Coast  East  exhibit  re¬ 
versal  of  tonnage  and  ton-mile  changes  due  to  changing 
lengths  of  haul. 


Foreign  trade  in  petroleum  products  is  predominantly 
imports,  with  the  United  States  being  a  considerable  net 
importer  of  petroleum  products.  Exports  of  petroleum 
products  are  predominantly  from  th  Gulf  Coast  and  the 
California  Coast.  These  are  expected  to  decline  in  the 
future  at  approximately  3%  per  year  as  the  nation  con¬ 
serves  petroleum  products  for  internal  use.  The  primary 
recipients  of  petroleum  product  imports  are  to  the  East 
Coast  and  Domestic  Caribbean.  The  principal  component  of 
product  imports  to  the  North,  Middle  and  South  Atlantic 
Coasts  are  residual  fuels,  although  other  petroleum  prod¬ 
ucts  are  present  while  the  Domestic  Caribbean  principally 
receives  petrochemical  feedstocks  (resulting  from  an  ad¬ 
justment  to  traffic  between  WCCS  2920,  'Coke,  Petroleum 
Coke,'  flows  and  WCCS  3313,  ‘Coke,  Petroleum  Asphalts, 
Solvents'  flows  to  remove  petroleum  related  components  of 
WCCS  3313  from  WCCS  3313  and  shift  them  into  WCCS  2920). 
Imports  of  gasoline,  jet  fuel,  kerosine,  distillate  fuels 
and  'other'  products  except  the  WCCS  3313/WCCS  2920  ad¬ 
justment  are  expected  to  stay  constant  in  the  future  as 
the  opposing  desires  of  OPEC  to  export  expensive  crude  and 
the  United  States'  desire  to  retain  control  over  refining 
operations  leads  to  a  standoff.  The  declining  import  ton¬ 
nages  principally  reflect  residual  fuel  imports,  although 
the  WCCS  3313/WCCS  2920  adjustment  imports  are  also  de¬ 
clining  over  time. 


Major  flow  patterns  in  petroleum  products  are  expected 
to  continue  in  their  current  patterns.  Major  originating 
segments  of  Middle  Atlantic  Coast,  Gulf  Coast  West,  Baton 
Rouge-Gulf,  imports,  and  domestic  Caribbean  remain  promin¬ 
ent,  although  the  Middle  Atlantic  and  imports  lose  sub¬ 
stantial  tonnage  by  2003,  and  the  domestic  Caribbean  gains 
substantial  tonnage.  Major  terminating  segments  of  Middle 
Atlantic  Coast,  North  Atlantic  Coast,  South  Atlantic 
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Coast,  Gulf  Coast  East,  Baton  Rouge-Gulf,  California  Coast 
and  exports  are  expected  to  remain  prominent  although 
Baton  Rouge-Gulf,  Gulf  Coast  West,  and  California  Coast 
gain  substantial  tonnage  while  the  Middle  Atlantic  and 
North  Atlantic  Coasts  lose  substantial  tonnage,  and  ex¬ 
ports  fall  by  more  than  half  by  2003. 


The  major  risks  associated  with  the  forecast  are  the 
price  trajectory  on  crude  petroleum  pursued  by  OPEC,  which 
affects  the  demand  for  petroleum  products  and  consequently 
waterborne  and  pipeline  flow  levels,  the  construction  of 
LOOP  (Louisiana  Off-shore  Oil  Port)  (and  potentially  the 
Texas  Superport)  which  affect  the  growth  rate  of  refinery 
capacity  in  the  Gulf  Coast,  and  consequently  the  growth 
rate  of  originations  from  segments  contained  with  the  Gulf 
Coast,  and  the  level  of  pipeline  competition,  which 
directly  affects  the  level  of  waterborne  transportation  of 
petroleum  products. 
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XII 


STONE,  CLAY,  GLASS  AND  CONCRETE  PRODUCTS 


INDUSTRY  OUTLOOK  $ 

Since  no  model  of  stone,  clay,  glass  and  concrete  <> 

product  output  and  consumption  was  available,  special  < 

models  of  cement  as  well  as  other  stone,  clay  and  glass  ' 

products  were  developed  using  forecasts  from  the  Macro 
Model  of  the  United  States  Economy.  United  States  domes¬ 
tic  cement  production,  imports  and  consumption  were  an-  | 

alyzed  and  found  to  depend  on  the  level  of  United  States  i 

construction  activity.  Historical  waterborne  cement  move-  3 

ment  closely  correlated  with  United  States  cement  consump-  | 

tion  for  all  traffic  classes.  Other  stone,  clay  and  glass 
products  moving  by  water  were  directly  related  to  produc¬ 
tion  activity  in  that  industry  over  time.  In  addition, 
lime  -  a  major  component  of  other  stone,  clay  and  glass 
products  -  is  extensively  used  as  a  flux  in  the  steel  in¬ 
dustry.  The  Steel  Industry  Model  provided  a  forecast  of 
total  lime  consumption  for  use  in  the  analysis. 

(a)  Industry  Background 

In  1977,  the  United  States  cement  industry  produced 
about  80  million  tons  of  cement  relative  to  an  estimated 
plant  capacity  of  95  million  tons.  Imports,  a  steadily 
growing  share  of  United  States  cement  use,  were  over  4 
million  tons,  5%  of  total  consumption.  By  1979,  imports 
satisfied  10%  of  total  United  States  consumption.  Nearly 
one-half  of  the  cement  imported  into  the  United  States 
came  from  Canada  via  cross  Lakes  movements.  Western 
Europe  and  Japan  also  provided  cement  imports  to  the 
United  States. 


Over  42%  of  cement  production  capacity  is  concentrated 
in  five  states:  California,  Pennsylvania,  Texas, 

Michigan,  and  Missouri.  In  addition  to  approximately  170 
cement  plants,  about  250  regional  distribution  terminals 
are  operated  by  cement  manufacturers  and  importers  for 
marketing  in  areas  of  greatest  demand. 


Shipments  from  cement  mills  in  the  United  States  have 
fluctuated  around  80  million  tons  per  year  in  the  1970s. 
Imports  of  cement  have  risen  from  2.6  million  tons  in  1979 
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to  over  10  million  tons  in  1979-  Major  growth  areas  for 
cement  use  the  later  1970s  have  been  the  West  Coast  and 
the  Southwest,  primarily  due  to  increased  industrial/ 
commercial  construct  ion. 


Two  major  technological  shifts  in  the  cement  industry 
over  the  next  twenty-five  years  include  reduction  in 
energy  use  in  producing  cement  as  well  as  greater  durabil¬ 
ity  of  the  concrete  product. 


The  lower  energy  use  will  help  keep  cement  competitive 
as  a  primary  building  material  in  the  United  States.  On 
the  other  hand,  appreciable  improvements  in  the  durability 
and  resistance  to  corrosion  of  concrete  will  reduce  re¬ 
placement  demands  somewhat. 


The  United  States  consumes  about  10%  of  total  world 
cement  production,  a  share  that  is  expected  to  decline  as 
Third  World  countries  enjoy  rapid  economic  development  in 
the  next  quarter  century.  The  United  States  imported 
cement  share  of  domestic  use  will  likely  climb  as  United 
States  reserves  become  more  difficult  and  costly  to  ex¬ 
ploit.  Canada,  Japan,  and  Spain  will  be  likely  sources 
for  future  cement  imports. 


In  1977,  lime  producers  shipped  about  26  million  tons 
of  lime  or  lime-related  products.  Six  states  -  Ohio, 
Pennsylvania,  Missouri,  Texas,  Michigan  and  Alabama  -  ac¬ 
counted  for  55%  of  total  output.  Exports  and  imports  are 
only  a  very  minor  part  of  total  industry  shipments. 


Chemical  and  industrial  lime  use  makes  up  over  80%  of 
total  consumption,  with  agriculture  use  5%  and  construc¬ 
tion  7%.  The  steel  industry  is  the  main  user  of  lime, 
principally  as  a  fluxing  agent  in  the  ore  reduction  pro¬ 
cess.  Leading  consuming  states  are  Ohio,  Pennsylvania, 
Michigan,  Indiana,  Texas,  New  York  and  Illinois  accounting 
for  over  60%  of  total  United  States  lime  usage  in  the  late 
1970s. 


Lime  production  is  closely  related  to  capacity  shifts 
in  the  United  States  steel  industry,  especially  away  from 
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basic  oxygen  furnaces,  a  major  lime  consumer.  In  addi¬ 
tion,  lime  is  used  in  water  purification,  paper  and  pulp 
and  sugar  refining.  However,  steel  industry  growth  will 
be  the  major  source  of  new  demand  over  the  next  quarter 
century . 


Lime  is  dependent  on  coal  and  natural  gas  as  primary 
energy  sources,  with  the  capability  to  shift  among  energy 
types  fairly  straightforward.  An  almost  complete  shift  to 
coal  by  the  end  of  the  century  for  energy  in  lime  produc¬ 
tion  is  expected. 


Other  stone,  clay  and  glass  products  include  glass 
products,  structural  clay  products  and  miscellaneous  non- 
metallic  minerals.  Much  of  this  production  is  located  in 
the  South,  with  Georgia,  Texas,  Ohio  and  Alabama  as  lead¬ 
ing  states.  Exports  represent  only  about  5%  of  total  pro¬ 
duction,  with  imports  negligible  in  most  consumption 
activity. 


(b)  National  and 

Regional  Forecasts 

Only  national  level  forecasts  of  cement,  lime  and 
other  stone,  clay  and  glass  products  were  developed  for 
the  study,  due  to  the  absence  of  reliable  regional  produc¬ 
tion  and  use  data  for  these  commodities.  Table  XII-1  sum¬ 
marizes  the  forecasts  of  major  explanatory  factors  used  in 
the  stone,  clay,  glass  and  concrete  products  for  the 
Trendlong  scenario. 


The  United  States  demand  for  hydraulic  cement  is  fore¬ 
cast  to  increase  to  almost  113  million  tons  per  year  by 
2003,  with  more  rapid  growth  (1.7%  per  year)  in  the  1980s 
than  in  the  1990  to  2003  period  (0.7%  per  year).  Slower 
growth  in  highway  construction,  as  well  as  in  highway 
repair,  is  a  major  factor  in  low  growth  rates  in  the  next 
two  decades.  Although  construction  of  new  residential  and 
commercial  structure  is  expected  to  be  strong  in  the  early 
1980s,  reduced  population  and  economic  growth  in  the  late 
1980s  and  beyond  also  slows  the  demand  for  cement. 
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National  Waterways  Study 

Stone,  Clay,  Glass  and  Concrete  Products 
Explanatory  Factors 
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Steel  industry  lime  consumption  is  expected  to  grow  to 
over  37  million  tons  in  2003,  up  from  26  million  tons  of 
flux  in  1977.  The  average  yearly  compound  growth  rate 
over  the  next  25  for  lime  use  is  about  1.4%. 


Production  activity  in  stone,  clay  and  glass  products 
is  forecast  to  grow  at  3.2%  per  year  to  1990  and  2.2%  per 
year  to  2003.  Imports  of  supplies  and  materials  (includ¬ 
ing  cement)  will  have  strong  growth  (5%  per  year)  in  the 
1980s  as  more  cement  is  purchased  from  Canada  and  other 
countries.  Exports  of  supplies  and  materials  average 
about  3.4%  over  the  next  25  years. 


Growth  under  the  two  alternative  macroeconomic  scen¬ 
arios  is  not  substantially  different  than  under  the 
Trendlong  forecast.  Under  both  the  Badenergy  and 
Largergovt  scenarios,  growth  is  slightly  slower  for  cement 
and  lime  use,  with  imports  slightly  higher  for  cement 
under  Badenergy.  This  is  due  to  the  higher  United  States 
energy  costs  relative  to  other  countries,  making  cement 
imports  cheaper. 


(c)  Key  Industry 
Developments 

Cement  forecasts  assume  that,  although  imports  will 
increase  substantially  over  the  next  quarter  century,  they 
will  not  make  up  over  25%  of  United  States  cement  use  by 
2003.  Higher  United  States  energy  costs  could  make  for¬ 
eign  cement  more  competitive  in  the  United  States  market, 
favoring  water  transportation  to  final  markets  as  well  as 
across  the  Great  Lakes  from  Canada. 


Similarly,  increased  steel  imports  could  lead  to  lower 
United  States  production  and  reduced  lime  consumption.  In 
addition,  shift  to  electric  furnaces  away  from  basic 
oxygen  furnaces  (BOF)  could  also  result  in  lower  lime 
use.  Other  steel  furnace  types  use  substantially  less 
lime  per  unit  inputs  than  the  BOF  process. 


DISTRIBUTION  SYSTEM 

Cement  production  capacity  in  the  United  States  is 
spread  across  40  states,  with  plant  location  generally 
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within  200  miles  of  highly  populated  areas.  Producers 
tend  to  be  regional  in  distribution  focus,  with  no  cement 
firms  serving  the  entire  United  States  market.  In  the 
1970s,  200  miles  was  considered  to  be  the  limit  for  econ¬ 
omical  land  transportation  of  cement.  Final  distribution 
to  consumption  site  tends  to  be  by  truck,  although  rail¬ 
roads  and  barge  are  involved  in  the  bulk  haulage  of  cement 
imong  regions. 


Lime  movements  tend  to  be  by  rail  or  water  to  final 
consumers  in  the  cement  industry.  In  addition,  the  loca¬ 
tion  of  many  lime  producers  in  Ohio,  Indiana  and 
Pennsylvania  favors  truck  hauls  for  movements  to  the  steel 
i ndus  t  r y . 


(a)  Role  of  Water 
Transportation 


Inland  waterway  cement  traffic  originations  are  con¬ 
centrated  on  the  Upper  Mississippi  River  and  the  Ohio 
River.  The  Great  Lakes  shipped  approximately  twice  the 
total  inland  cement  originations  in  the  late  1970s,  in¬ 
cluding  substantial  imports  from  Canada.  Other  major  im¬ 
port  areas  for  cement  include  the  Washington/Oregon  Coast 
and  the  Middle  and  South  Atlantic  Coast.  About  12%  of 
total  United  States  cement  consumption  in  any  year  moves 
by  waterways  at  some  point  in  the  distribution  process. 


The  Upper  and  Lower  Mississippi  River,  Illinois  River, 
Ohio  River  and  Gulf  Coast  were  major  terminations  for 
waterborne  cement  movements  in  the  1970s.  The  Atlantic 
Coast,  Great  Lakes  and  Washington/Oregon  Coast  are  major 
coastal  recipients  of  waterborne  cement. 


Other  stone,  clay  and  glass  products  (including  lime) 
waterborne  traffic  had  originations  concentrated  on  the 
Upper  Mississippi,  Illinois,  and  Ohio  Rivers  as  well  as 
the  Gulf  Coast  East.  Receipts  for  these  products  moving 
via  waterways  are  the  Lower  Mississippi  River,  Illinois 
River,  Ohio  River,  Gulf  Coast  East  and  the  Warrior  River 
System. 
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(b)  Factors  Affecting 
Modal  Choice 


Cheaper  water  transpor tat  ion  has  allowed  some  cement 
distribution  terminals  to  locate  more  than  1000  miles  from 
the  production  plant.  In  particular,  flows  via  the 
Mississippi  River  from  above  St.  Louis  to  Gulf  Coast  con¬ 
sumption  areas  are  not  uncommon.  For  the  most  part, 
trucks  perform  the  final  haul  of  hydraulic  cement  to  con¬ 
sumption  sites.  Rails  are  heavily  involved  in  bulk  haul¬ 
age  of  cement  to  nonwater  served  regions,  while  barge  as  a 
definite  advantage  in  transportation  cost  to  water  served 
areas . 


Distribution  of  lime  products  via  water  is  controlled 
by  consumption  site  location,  especially  the  steel  in¬ 
dustry.  Substantial  investments  in  Great  Lakes  bulkers 
and  terminals  for  lime  and  cement  movements  implies  that 
these  systems  will  be  maintained  in  the  future. 

(c)  Distribution  System 

_ Changes _ 

Due  to  the  increasing  costs  of  transporting  hydraulic 
cement  long  distances  to  consumers,  change  in  the  distri¬ 
bution  system  favoring  waterways  may  occur  in  the  1980s. 
In  addition,  growing  environmental  problems  with  relocat¬ 
ing  cement  production  plants  implies  that  long-haul  water 
flows  from  plant  to  distribution  terminal  may  be  dictated 
by  industry  economics.  About  40%  of  the  growth  in  cement 
movements  of  the  waterways  over  the  next  two  decades  is 
expected  to  be  due  to  these  factors.  No  major  shifts  are 
forecast  for  distribution  systems  in  other  stone,  clay, 
glass  and  concrete  products. 


WATERBORNE  DEMAND  PROJECTIONS 

Waterborne  traffic  flow  projections  followed  a  general 
methodology:  First,  cement,  lime  and  other  stone,  clay  and 
glass  product  flows  for  all  traffic  classes  by  water  are 
forecast  at  the  national  level.  For  internal,  lakewise, 
and  coastwise  flows,  relationships  between  waterborne 
traffic  and  economic  activity  indicators  by  industry  were 
developed.  For  local,  interterritorial  local  and  some¬ 
times  coastal  flows,  relations  to  United  States  import/ 
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export  traffic  by  commodity  were  examined.  Import  and  ex¬ 
port  movements  by  water  were  forecast  based  on  Interna¬ 
tional  Economic  Model  projections. 


Due  to  the  large  number  of  possible  origin  -  destina- 
‘ ions,  modal  share  changes  can  only  be  analyzed  for  major 
..  iterborne  flows.  In  the  case  of  cement  traffic,  in¬ 
creases  in  the  share  of  downbound  movements  on  the 
Mississippi  River  due  to  growing  long-haul  shipment 
activity  was  included  in  the  forecast.  No  changes  were 
assumed  in  modal  shares  for  lime  or  other  stone,  clay  and 
glass  products. 


The  disaggregation  of  national  forecasts  to  waterborne 
commodity  flows  involved  using  indices  (1977  =  1.00) 
through  2003  to  expand  waterways  traffic  by  commodity  and 
traffic  class  for  waterway  segment  pairs.  For  example, 
the  Great  Lakes  (lakewise)  limestone  traffic  index  is  used 
to  expand  all  1977  waterborne  traffic  flows  in  the  data 
base  related  to  lakewise  limestone  movements. 


After  the  basic  expansion  of  the  1977  flows  by  com¬ 
modity  was  completed  for  each  NWS  macroeconomic  scenario, 
any  additional  or  new  flows  are  edited  into  the  forecast 
data  base.  Finally,  the  waterborne  flows  are  aggregated 
up  to  reporting  segments  and  final  ton  -  miles  for 
internal  segments  are  calculated. 


(a)  Summary 

Tables  XII-2  to  XII-5  summarize  the  waterborne  demand 
projections  for  stone,  clay,  glass  and  concrete  products 
through  the  year  2003.  Trendlong  projections  are  dis¬ 
cussed  in  detail;  alternative  macroeconomic  forecast 
tables  for  this  commodity  are  included  in  Appendix  B. 


Overall  Table  XII-2  indicates  that  total  domestic 
waterborne  flows  in  stone,  clay,  glass  and  concrete  prod¬ 
ucts  will  grow  from  about  12  million  tons  in  1977  to  over 
25  million  tons  by  the  year  2003.  Through  1990,  demand 
will  increase  by  a  compound  annual  rate  of  4.0%,  with  the 
rate  declining  to  2.1%  after  1990  through  2003.  Cement 
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traffic  is  the  subcomponent  of  this  category  that  is  re¬ 
sponsible  for  majority  of  growth  during  the  forecast 
per iod . 


The  Atlantic  Coast  segments  experience  the  strongest 
growth  in  domestic  shipments  during  the  forecast  period  as 
cement  imports  are  moved  to  distribution  terminals  as  well 
as  final  consumers.  For  the  inland  system,  the  Ohio 
River,  Gulf  Coast  waterways  and  the  Lower  Mississippi 
River  are  the  segments  likely  to  have  the  most  rapid 
growth  over  the  next  twenty-five  years. 


Domestic  traffic  activity  in  stone,  clay,  glass  and 
concrete  products  will  be  concentrated  on  the  Mississippi 
River,  Illinois  River,  Ohio  River,  Gulf  Coast  waterway  and 
the  Great  Lakes  segments.  Table  XII-3  contains  forecasts 
of  total  segment  traffic  activity  from  1977  to  2003. 

Stone,  clay,  glass  and  concrete  products  will  double  on 
the  Ohio  River,  from  1.7  million  tons  to  3.5  million 
tons.  Great  Lakes  traffic  in  cement  and  lime  will  grow  by 
an  average  of  2.2%  per  year  during  the  forecast  period. 


Table  XII-4  contains  estimated  segment  ton-miles  for 
stone,  clay,  and  glass  products.  Ton-mile  growth  is  more 
pronounced  on  the  Great  Lakes  and  the  Ohio  River,  with 
Lower  Mississippi  increases  also  quite  significant. 
Overall,  ton-miles  for  stone,  clay,  glass  and  concrete 
products  are  expected  to  grow  by  about  2.0%  per  year 
between  1977  and  2003. 


Table  XII-5  shows  that  total  stone,  clay,  glass  and 
concrete  products  foreign  trade  activity  will  see  total 
imports  growing  from  .9  million  tons  in  1977  to  5.5  mil¬ 
lion  by  the  year  2003.  Import  growth  will  be  concentrated 
in  the  Great  Lakes,  Atlantic  Coast  and  the  Washington/ 
Oregon  Coast.  Exports  expected  to  grow  by  3.4%  per  year 
from  1977  to  2003,  will  be  concentrated  along  the  South 
Atlantic  Coast  as  well  as  the  Gulf. 


(b)  Major  Market  Shifts 

The  only  major  market  change  expected  in  stone,  clay, 
glass  and  concrete  products  is  the  increase  in  long-haul 
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cement  traffic  on  the  Mississippi  and  Ohio  River  systems. 
The  primary  reason  is  the  inability  to  easily  relocate 
cement  plants  due  to  environmental  restrictions,  coupled 
with  the  growth  of  demand  for  cement  in  areas  with  minimal 
existing  production  capacity.  The  result  will  be  in¬ 
creased  downbound  cement  flows  from  the  Upper  Mississippi 
to  both  Gulf  and  Ohio  River  destinations. 


Substantial  amounts  of  flows  by  rail  are  also  ex¬ 
pected,  as  growth  in  cement  demand  in  non-water  served 
regions  such  as  the  Southwest  and  West  is  likely  over  the 
next  25  years.  No  changes  in  commodity  mix  for  waterborne 
flows  for  this  category  commodity  are  expected. 


(c)  Waterborne  Flows 
Development _ 


As  previously  mentioned,  Ohio  River,  Great  Lakes  and 
Mississippi  River  stone,  clay,  glass  and  concrete  product 
flows  are  likely  to  experience  the  most  rapid  growth  in 
the  forecast  period.  No  new  flows  were  added  for  these 
commodities  during  the  next  25. 


The  major  forecast  risk  is  potential  upbound  (re¬ 
ceived)  cement  traffic  on  the  Arkansas  River  for  use  in 
construction  activity  in  the  Southwest.  A  possible  flow 
of  100,000  tons  per  year  -  with  originations  on  the  Upper 
Mississippi  could  occur,  depending  on  regional  cement  pro¬ 
duction  capacity  constraints. 


XIII 


PR x MARY  METALS  PRODUCTS 


INDUSTRY  OUTLOOK 


Activity  in  the  primary  metals  industry  is  forecast  in 
several  component  parts  for  the  National  Waterway  Study. 
The  domestic  demand  for  steel  mill  products  in  21  specific 
end-markets  is  forecast  based  on  activity  indices  in  the 
steel  consuming  industries,  industry-specific  steel  use- 
factors,  and  prices  for  steel  and  substitute  materials. 

The  market  shares  of  imported  versus  domestic  mill  product 
supplies  is  determined  by  relative  prices  for  each. 


The  demand  for  coke  by  the  steel  industry  is  related  to 
blast  furnace  production  by  region  which  is  in  turn  de¬ 
pendent  on  raw  steel  production  by  furnace  type  and  esti¬ 
mated  improvements  in  the  ratio  of  net  coke  per  ton  of  pig 
iron.  Although  coke  as  a  commodity  is  included  with  pe¬ 
troleum  products,  industry  shipments  depend  on  steel¬ 
making  activity,  not  petroleum  production.  Thus,  coke  is 
discussed  and  forecast  in  the  context  of  the  appropriate 
industry  sector,  primary  metals. 


Because  petrochemical  feedstock  imports  and  petroleum 
coke  exports,  which  are  more  closely  related  to  petroleum 
products  than  primary  metals,  literally  swamp  all  other 
components  of  waterborne  "primary  metals"  traffic,  separ¬ 
ate  estimates  are  made  for  blast  furnace  coke,  which  are 
reported  in  this  chapter,  and  the  remainder  of  the  flows 
which  are  reported  and  projected  with  petroleum  products 
in  Chapter  XI. 


The  remainder  of  the  primary  metals  consist  of  steel 
industry  inputs  and  intermediate  products  or  nonferrous 
metals.  The  former  are  forecast  based  on  raw  steel  pro¬ 
duction,  while  the  latter  are  related  to  industrial  de¬ 
mands  for  nonferrous  metals  in  the  United  States  economy. 


(a)  Industry  Background 

1.  Steel  Mill  Products.  The  United  States  econ¬ 
omy  demands  steel  mill  products  in  a  wide  variety  of  forms 
(from  pipe  and  tube  to  plate  and  sheet),  both  as  final 
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product  and  for  further  fabrication.  Domestic  steel  mills 
shipped  91.1  million  tons  of  steel  mill  products  in  1977, 
excluding  shipments  between  facilities  of  a  single  firm, 
which  accounted  for  another  20  to  25  million  tons.  These 
domestic  supplies  were  further  augmented  by  19.3  million 
tons  of  steel  mill  product  imports.  The  import  share  of 
total  steel  supplies  has  fluctuated  historically,  settling 
in  the  12%-14%  range  for  most  of  the  1970s  but  increasing 
to  17.5%  and  17.7%  in  1977  and  1978  respectively,  and 
14.9%  in  1979.  The  higher  import  market  shares  of  recent 
years  are  generally  interpreted  as  unacceptable  from  a 
national  policy  perspective  and  responses  ranging  from 
"jawboning"  with  foreign  governments  and  producers  to 
trigger  price  schemes  to  counter  alleged  dumping  have  have 
proposed  and/or  implemented. 

2.  Coke .  Coke  is  used  as  an  input  to  the  steel¬ 
making  process  to  fuel  the  blast  furnace  as  well  as  to 
provide  carbon  to  strengthen  the  resulting  pig  iron.  Ap¬ 
parent  consumption  of  coke  followed  the  general  course  of 
the  United  States  domestic  steel  industry  during  the 
1970s,  reaching  peaks  of  65.8  and  64.1  million  tons  re¬ 
spectively  in  1973  and  1974,  before  falling  to  the  54  to 
57  million  annual  range  at  the  end  of  the  decade.  The  de¬ 
cline  is  due  to  reductions  in  domestic  raw  steel  produc¬ 
tion,  but  also  a  fall  off  in  the  blast  furnace  coke  ration 
and  a  decline  in  the  pig  iron  requirements  resulting  from 
a  shift  in  furnace  mix  toward  non-coke-using  electric 
furnaces . 


Because  of  environmental  restrictions  on  older 
United  States  coke  plants  and  the  high  cost  of  rehabilita¬ 
tion  and  new  construction,  the  import  share  of  domestic 
coke  requirements  has  risen  in  recent  years.  Coke  imports 
rose  from  less  than  200  thousand  tons  per  year  in  the 
early  1970s  to  3.5  million  tons  in  1974,  and  then  fell  to 
less  than  2  million  tons  from  1975  to  1977,  before  reach¬ 
ing  a  record  5.7  million  tons  in  1978.  A  soft  steel  mar¬ 
ket  abroad  also  contributed  to  the  surge  in  1978. 

3.  Other  Primary  Metals.  The  remaining  "primary 
metals"  consist  of  inputs  and  intermediate  products  of  the 
steel  industry  (pig  iron,  ferroalloys,  and  slag)  and  non- 
ferrous  metal  products. 

Ferroalloys  are  input  to  iron  and  steel  furnaces 
to  alter  the  attributes  of  the  resulting  metal  (e.g.,  for 
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stainless  and  heat-resistance  properties).  The  relative 
growth  of  speciality  steels  has  caused  the  demand  for 
ferroalloys  to  increase  faster  than  raw  steel  production. 
Enery  cost  increases  and  environmental  restrictions  as 
well  as  the  foreign  origin  of  most  nonferrous  raw  mater¬ 
ials  have  led  to  an  increasing  import  share  in  total 
ferroalloy  consumption. 

Nonferrous  metals  demand  in  the  United  States 
showed  strong  growth  during  the  1970s,  due  to  the  energy 
saving  characteristics  of  light-weight  metals  such  as 
aluminum  in  a  broad  range  of  traditional  metal  markets 
(e.g.,  automative),  as  well  as  the  need  for  special  prop¬ 
erties  such  as  heat  and  corrosion  resistance.  For  ex¬ 
ample,  the  demand  for  aluminum  metal  in  the  United  States 
rose  at  a  3.4%  per  year  compound  rate  between  1968  and 
1977,  in  spite  of  a  large  drop  in  demand  in  the  immediate 
aftermath  of  the  Arab  oil  embargo.  Over  that  same  period, 
waterborne  imports  of  all  nonferrous  metals  grew  at  a  rate 
of  4.8%  per  year,  while  the  growth  in  the  Federal  Reserve 
Board  nonferrous  metals  industrial  production  index 
average  .82%  per  year. 


(b)  National  and 
_ Regional  Forecasts 

1.  Steel  Mill  Products.  Steel  consumption  is 
expected  to  follow  the  broad  profile  of  the  economy  over 
the  forecast  period.  In  the  1977  to  1980  period,  average 
annual  steel  consumption  growth  of  only  .7%  per  year  re¬ 
flects  the  economic  recession  of  1980  (Table  XIII-1). 

Steel  consumption  grows  at  a  compound  annual  rate  of  2.6% 
per  year  from  1980  to  1990  as  business  fixed  investment 
moves  forward  and  motor  vehicle  sales  rise.  In  subsequent 
years  through  2003,  the  steel  consumption  growth  rate  is 
projected  at  approximately  2.0%  per  year,  as  the  economy 
grows  at  a  2.5%  rate,  close  to  its  potential  path.  The 
total  increase  in  steel  consumption  from  1977  to  2003  is 
projected  to  be  77.2  million  short  tons,  or  71%. 

Steel  imports  are  forecast  to  decline  from  a 
record  21.1  million  tons  in  1978  to  the  16  million  ton 
range  in  1979-1980,  then  rise  gradually  to  28.1  million 
tons  by  2003.  The  import  share  of  apparent  consumption, 
however,  is  projected  to  decline  from  18.1%  in  1978  to 
15.1%  by  2003.  Within  this  long-term  net  decline  in  im¬ 
port  share,  there  is  a  temporary  rise  during  the  strong 
demand  period  of  the  mid-1980s. 
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The  projected  decline  in  import  share  reflects 
the  assumptions  that  growth  in  world  steel  demand  will 
reduce  excess  foreign  steel  capacity  -  the  difference  be¬ 
tween  capacity  and  home  market  demand  at  given  prices  - 
and  that  United  States  capacity  expansion  is  financed  pri¬ 
marily  by  some  means  other  than  a  large  steel  price  in¬ 
crease.  Alternative  sources  of  funds  include  changes  in 
tax  laws  governing  depreciation. 

Steel  exports  are  projected  to  remain  in  the  2 
miLlion  ton  per  year  range  through  the  forecast  period. 
Exports  benefit  from  the  trend  decline  in  domestic  rela¬ 
tive  to  foreign  steel  prices  and  from  industrial  growth 
abroad.  However,  the  United  States  advantage  should  be 
confined  to  a  selected  few  products. 

Steel  shipments  are  forecast  to  increase  from 
91.1  million  tons  in  1977  to  160.9  million  in  2003,  an  in¬ 
crease  of  76.6%,  slightly  greater  than  the  forecast  in¬ 
crease  in  steel  consumption. 

Steel  consumption  is  lower  in  both  macroeconomic 
alternatives  than  in  the  Trendlong  case  due  to  lower  GNP 
and  industrial  growth.  Consumption  under  the  Largergovt 
alternative  is  more  severly  impacted  -  6%  (11.4  million 
tons)  lower  than  Trendlong  in  2003  compared  to  2.7%  (5 
million  tons)  for  Badenergy  -  due  to  its  relatively  larger 
impact  on  business  fixed  investment  and  thus  on  potential 
GNP.  Steel  imports  are  lower  under  the  Largergovt  altern¬ 
ative  (5.3%,  or  1.5  million  tons)  due  to  the  decline  in 
consumption.  Steel  imports  under  Badenergy  are  higher 
than  under  Trendlong  in  spite  of  the  decline  in  consump¬ 
tion,  because  higher  domestic  inflation  pushes  the  import 
market  share  to  16.9%. 

2.  Coke .  Coke  consumption  in  blast  furnaces  is 
forecast  to  rise  from  48.5  million  tons  in  1977  to  54.4 
million  tons  in  2003,  an  increase  of  12.2%.  This  small 
increase  is  due  to  a  combination  of  moderate  growth  of  pig 
iron  production  and  a  decline  in  the  ratio  of  net  coke  per 
ton  of  pig  iron.  The  forecast  increase  in  pig  iron  pro¬ 
duction  from  1977  to  2003  is  25.1  million  tons,  or  31%. 
This  growth  is  smaller  than  the  51%  increase  forecast  for 
raw  steel  production,  due  to  the  large  shift  toward  elec¬ 
tric  furnaces.  The  forecast  decrease  in  the  net  coke  rate 
is  12.2%,  from  0.5820  tons  of  coke  per  ton  of  pig  iron  in 
1978  to  0.5112  in  2003.  Imports  are  projected  to  resurge 
in  the  mid-1980s,  as  increased  demand  presses  against 


domestic  shortages,  but  increased  competition  for  foreign 
coke  by  foreign  steel  producers  and  resolution  of  some  of 
the  environmental  problems  at  domestic  furnaces  will  re¬ 
strain  imports  to  the  vicinity  of  5.7  million  tons  (the 
level  forecast  for  1985). 

3.  Other  Primary  Metals.  Ferroalloy  consumption 
is  projected  to  grow  at  about  the  same  rate  as  raw  steel 
production  over  the  forecast  period  (65.5%  between  1977 
and  2003).  Ferroalloy  imports  grow  more  rapidly,  increas¬ 
ing  at  5.6%  per  year  through  1990,  and  4.0%  per  year  dur¬ 
ing  the  1990s,  with  the  extra  growth  driven  by  the  con¬ 
tinued  substitution  of  ferroalloy  for  crude  ore  imports. 

Industrial  production  of  nonferrous  metals  -  as 
measured  by  the  Federal  Reserve  Board  index  -  is  projected 
to  grow  at  3.3%  per  year  between  1977  and  1990,  and  2.8% 
per  year  thereafter.  Imports  of  nonferrous  metal  products 
continue  to  outstrip  production,  growing  at  5.3%  per  year 
through  1990  and  4.1%  per  year  through  the  1990s. 


(c)  Key  Industry  Changes 

There  are  several  contingencies  that  pose  serious 
risks  to  the  price  and  import  profile  discussed  above. 

One  is  that  the  pressure  of  demand  on  capacity  in  the 
mid-1980s  could  produce  a  large  increase  in  domestic  steel 
price  relative  to  the  price  of  imported  steel,  causing  a 
rise  in  the  import  share  of  the  market  and  holding  down 
domestic  shipments  and  production. 


A  second  risk  is  that  foreign  steel  demand  presses 
upon  foreign  capacity  at  the  same  time  that  domestic  de¬ 
mand  is  strong.  The  result  could  be  a  very  large  rise  in 
both  domestic  and  import  steel  prices,  without  much  change 
in  quantity.  The  price  rise  in  this  case  would  probably 
be  so  large  as  to  disrupt  the  trend  growth  of  the  economy 
and  steel  demand.  The  seriousness  of  this  second  risk  is 
highlighted  by  the  recognition  that  both  steel  demand  and 
capacity  expansion  have  lagged  in  Western  Europe  and  Japan 
as  well  as  in  the  United  States.  An  upward  correction  of 
steel  demand  is  implicit  in  a  restoration  of  more  nearly 
normal  economy  growth  rates  in  these  major  industrialized 
regions  of  the  non-Communist  world,  and  is  likely  to  occur 
before  substantial  capacity  additions  have  been  made.  In 
short,  imports  are  not  likely  to  bail  out  the  United 
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States,  which  must  provide  a  substantial  share  of  the 
capacity  increase  required  to  support  the  growth  projected 
for  the  economy. 


Another  risk  to  the  forecasts  described  above  relates 
to  the  ability  of  domestic  steel  producers  to  meet  the 
productive  capability  implicit  in  the  steel  mill  product 
projections.  The  difficulty  of  expanding  capacity  even  by 
modest  amounts  is  usually  illustrated  by  considering  the 
sources  and  uses  of  funds  within  the  steel  industry.  The 
major  uses  of  funds,  including  capacity  maintenance,  pol¬ 
lution  control,  and  capacity  expansion,  are  described  as 
ever  increasing.  The  supply  of  funds  is  commonly  describ¬ 
ed  as  restricted.  New  equity  is  usually  ruled  out  because 
of  the  low  prices  assigned  to  steel  shares  by  the  common 
market.  New  borrowing  is  seen  to  be  limited  by  rules  of 
prudence  regarding  debt-equity  ratios.  Depreciation  and 
deferrals  are  set  by  tax  laws.  Net  earnings  are  often  as¬ 
sumed  to  remain  constant  at  some  recent  level,  such  as  the 
1973-1974  average. 


If  all  these  restrictive  assumptions  regarding  sup¬ 
plies  of  funds  were  to  hold,  very  little  capacity  expan¬ 
sion  could  take  place.  However,  the  economy  forecast  that 
requires  increased  capital  spending  also  assumes  that  con¬ 
ditions  are  met  for  such  spending,  such  as  tax  incentives, 
accelerated  depreciation,  faster  write-off  of  pollution 
control  expenditures,  and  the  like.  In  addition,  the 
steel  forecast  includes  an  increase  in  the  average  price 
of  steel  relative  to  the  steel  cost  indicator,  amounting 
to  about  17%  over  the  25-year  period.  This  would  increase 
net  earnings  and,  together  with  the  tax  and  depreciation 
changes,  could  facilitate  some  issue  of  new  equity. 


The  raw  materials  component  of  capability  should 
present  no  serious  capacity  problem  through  the  mid-1980s, 
and  domestic  producers  have  developed  a  materials  balance 
to  support  the  previous  1973  peak  production  of  150  mil¬ 
lion  tons  of  raw  steel,  a  level  which  is  not  reached  again 
in  the  forecast  until  1985.  Reserves  of  the  major  mater¬ 
ials,  coal  and  ore,  are  ample,  though  further  development 
beyond  the  peak-support  level  would  be  costly.  This  is 
part  of  the  high  capital  cost  problem  that  forms  a  con¬ 
straint  on  the  blast  furnace-basic  oxygen  combination 

240 

l 


as  the  primary  source  of  additional  steel  capacity.  For 
other  materials,  such  as  ferroalloys,  there  could  be  sup¬ 
ply  problems,  particularly  as  some  of  the  major  supply 
regions  are  in  areas  of  potential  political  instability. 

Coke  ovens  also  present  a  risk  of  bottlenecks,  where 
environmental  regulation,  age  of  existing  facilities,  and 
capital  costs  are  serious  considerations.  Some  points  of 
flexibility  should  not  be  overlooked  in  the  consideration 
of  this  issue,  however.  There  is  potential  for  coke  sav¬ 
ings  through  increased  conversion  of  basic  oxygen  furnaces 
to  bottom-blown  operations,  which  would  allow  an  increase 
in  the  scrap  portion  of  the  metallic  charge  from  the  30% 
range  to  the  40%-50%  range.  There  is  additional  potential 
for  coke  savings  in  use  of  direct  reduced  iron  in  the 
blast  furnace,  which  improves  ore  quality  sufficiently  to 
lower  coke  requirements. 

DISTRIBUTION  SYSTEMS 

The  distribution  systems  analysis  for  primary  metals 
products  examined  the  various  factors  contributing  to  the 
demand  for  waterborne  transportation  of  the  component  com¬ 
modities,  including  domestic  versus  foreign  origination, 
direct  and  indirect  cost  and  rate  factors,  and  loss  and 
damage.  The  findings  form  the  basis  of  the  waterborne  de¬ 
mand  projections  in  the  final  section  of  this  chapter. 

(a)  Role  of  Water 

_ Transportation 

1.  Steel  Mill  Products.  The  major  role  of  wa¬ 
terborne  transportation  in  steel  mill  product  distribution 
is  in  the  transportation  of  United  States  foreign  trade  in 
steel  mill  products.  Thus,  19.3  million  tons  of  steel 
were  imported  in  1977  of  which  17.5  million  tons  (90.5%) 
entered  the  country  by  vessel.  Waterborne  exports  also 
accounted  for  1.6  out  of  2.0  million  tons  of  steel  mill 
product  exports  in  that  year. 

Total  domestic  waterborne  steel  product  shipments 
from  1965  to  1977  varied  between  6.3  and  9.0  million 
tons.  The  bulk  of  this  traffic  has  been  in  the  "internal" 

241 


or  inland  waterway  category  with  the  other  traffic  types 
accounting  from  small  and/or  declining  volumes.  As  a  per¬ 
centage  of  total  steel  available  for  transportation  - 
gross  domestic  shipments  plus  imports  -  the  domestic 
waterborne  tonnage  has  accounted  for  a  small  and  declining 
share.  Internal  waterborne  steel  traffic  declined  from 
5.3%  to  4.4%  of  the  total  from  1971  to  1977,  while  the 
total  domestic  waterborne  share  was  declining  from  6.2%  to 
4.8%.  The  factors  underlying  this  relatively  small  share 
are  outlined  in  the  following  section. 

Steel  product  foreign  trade  also  bears  heavily  on 
domestic  waterborne  steel  transportation.  In  1977,  33% 
(1.9  million  tons)  of  internal  barge  traffic  originated  at 
Lower  Mississippi  River  ports  destined  for  numerous  points 
on  the  river  system,  including  the  Upper  Mississippi  River 
(228  thousand  tons),  Chicago  and  the  Illinois  River  (515 
thousand  tons),  and  the  Ohio  River  (421  thousand  tons). 
This  barge  traffic  is  almost  entirely  import  traffic,  and 
accounts  for  75%  of  the  imports  in  that  port  range.  Barge 
traffic  terminating  at  Lower  Mississippi  River  ports, 
which  is  largely  export  oriented,  account  for  another  338 
thousand  tons  in  1977. 

A  large  and  declining  portion  (664  thousand  tons 
in  1977)  involves  intra-segment  flows.  For  example,  steel 
product  flows  within  the  Monongahela  River  declined  from 
910  thousand  tons  in  1969,  to  14  thousand  tons  in  1977, 
while  flows  within  the  Warrior  River  system  were  declining 
from  344  thousand  tons  to  39  thousand  tons. 

Excluding  intra-segment  traffic  and  movements  to 
and  from  Lower  Mississippi  River  ports,  barge  transporta¬ 
tion  on  the  Mississippi  River  system  accounted  for  2.6 
million. tons  in  1977  -  about  2.8%  of  domestic  steel  prod¬ 
uct  shipments,  down  slightly  from  earlier  years  (3.7%  in 
1971-1972  and  3.5%  in  1974-1975).  Major  barge  originating 
points  are  the  steel  producing  districts  of  Pittsburgh 
(about  1.5  million  tons  in  1977)  and  Chicago  (900  thousand 
tons).  Terminating  areas  are  considerably  more  dispersed, 
with  the  Houston  area  receiving  642  thousand  tons  and  11 
other  areas  receiving  between  100  and  300  thousand  tons. 

2.  Coke.  In  general,  coke  ovens  are  located  at 
blast  furnace  sites,  minimizing  coke  transportation  re¬ 
quirements.  Thus,  49.4  out  of  53.1  million  tons  of  the 
coke  produced  in  the  United  States  in  1977  was  produced  at 
plants  related  to  blast  furnaces,  and  46.3%  was  used  by 


the  producing  company.  ALthough  it  is  known  that  some 
portion  of  the  coke  which  is  shipped  moves  via  barge,  it 
is  not  possible  to  isolate  it  in  the  historical  data  from 
the  petroleum  products  with  which  it  is  reported.  It  is 
possible  to  distinguish  coa  l  coke  destined  for  the  iron 
and  steel  industry  from  the  petroleum-based  reporting 
counterparts  in  the  United  States  foreign  trade  data. 

While  some  of  this  coke  is  imported  at  Lower  Mississippi 
River  ports  for  transshipment  to  upriver  steel  plants 
(10%-L5%  in  recent  years),  the  majority  of  it  is  imported 
for  use  in  port  areas.  This  pattern  arises  from  the  fact 
that  the  interior  regions  (particularly  in  the  Ohio  River 
Valley)  tend  to  be  coke  surplus  regions  in  periods  of  nor¬ 
mal  demand,  supplying  some  of  the  needs  of  net  demand 
regions  nearer  to  the  coasts.  In  times  of  tight  supplies, 
these  regions  keep  more  of  their  coke,  and  the  coastal 
regions  import  a  greater  share  of  their  requirements. 

3.  Other  Primary  Metals.  Water  traffic  in  the 
other  primary  metals  is  heavily  foreign  trade  oriented. 
Total  waterborne  traffic  of  ferroalloys,  for  example, 
amounted  to  1.79  million  tons  in  1977,  of  which  1  million 
was  import  traffic,  and  an  additional  506  thousand  tons 
originated  at  Lower  Mississippi  River  ports. 

For  nonferrous-metals,  56.4%  (1.4  million  tons) 
of  total  waterborne  tonnage  represented  waterborne  imports 
in  1977,  and  an  additional  18.4%  (503  thousand  tons)  was 
waterborne  exports.  Of  the  domestic  activity,  140  thou¬ 
sand  tons  (22%)  involved  the  Lower  Mississippi  ports  as 
either  an  origin  or  disti nation. 


(b)  Factors  Affecting 
Modal  Choice 


1.  Stee]  Mill  Products.  Several  factors  explain 
why  the  waterborne  share  is  less  than  5%  even  though  the 
bulk  of  steel  products  are  produced  on  or  near  the  inland 
and  coastal  waterways.  First,  there  are  geographic  con¬ 
siderations.  Although  the  steel  producing  facilities  are 
located  on  the  waterways  -  for  raw  materials  access  or 
other  reasons  -  steel  markets  are  often  located  away  from 
the  water.  The  entire  manufacturing  complex  between  the 
Atlantic  Ocean,  Great  Lakes,  and  Ohio  and  Mississippi 
Rivers  is  bordered  by  water-served  steel  manufacturers. 
Shipments  into  this  area,  therefore,  tend  to  be  away  from. 
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not  along  rivers.  Major  steel-consuming  industrial  areas 
along  the  waterways,  on  the  other  hand,  are  often  co¬ 
located  with  steel  production  activity. 

River  steel  traffic  has  been  boosted  by  strong, 
growing  steel  demand  in  the  Gulf  states  -  a  net  consuming 
steel  region.  In  particular,  the  inability  of  this  region 
to  satisfy  the  plate  and  pipe  requirements  of  its  own  oil 
industry  has  provided  a  continuous  outlet  for  steel  prod¬ 
ucts  from  Chicago,  Pittsburgh,  and  the  Ohio  River  Valley. 
The  location  of  much  oil  and  shipbuilding  activity  at 
waterfront  sites  -  or  even  at  offshore  or  swampy  sites  un¬ 
suitable  for  any  other  mode  of  transportation  -  further 
contributes  to  water  traffic  for  steel  distri but  ion  within 
the  Gulf  area.  Still,  even  in  regional  markets  with 
direct  head-to-head  competition  between  rail  and  barge 
(e.g.,  Pittsburgh  or  Chicago  to  Houston),  significant  rail 
activity  is  evidenced.  For  example,  as  much  as  75%  of 
domestic  pipe  and  tube  moving  into  the  Southwest  (Texas, 
Louisana,  Oklahoma,  Arkansas)  from  Midwestern  and  Eastern 
producers  is  by  rail. 

A  second  factor  discouraging  a  greater  waterborne 
share  of  total  steel  product  shipments  is  the  large  ship¬ 
ment  sizes  required  for  barges.  Although  line-haul  trans¬ 
portation  rates  between  the  Middle  Ohio  River  and  Houston 
are  considerably  higher  by  railroad  than  by  barge  -  $27.43 
per  ton  versus  $17.79  per  ton  for  wrought  iron  pipe  -  the 
minimum  barge  shipment  under  the  above  tariff  is  1,350 
tons,  while  rail  movements  may  be  as  low  as  a  single  car¬ 
load  (50-70  tons).  Shipment  size  was  given  as  the  major 
reason  for  a  low  barge  share  by  every  steel  traffic 
manager  contacted  during  this  study. 

A  third  factor  in  the  choice  of  rail  over  barge 
concerns  the  longer  transit  times  for  barge  shipment  - 
three  weeks  to  a  month  from  Chicago  and  Pittsburgh  to 
Houston  compared  to  one  week  or  less  by  rail.  Increased 
transit  times  mean  higher  inventory  costs,  either  because 
more  of  a  firm's  product  is  in  transit  at  any  one  time,  or 
because  larger  inventories  must  be  carried  to  insure 
against  stockouts.  At  12%  to  13%  commercial  interest 
rates,  a  shipper  faces  a  cost  penalty  of  up  to  $1  -  $1.25 
per  ton,  further  reducing  the  barge  line-haul  rate 
advantage . 


Time  also  has  a  second,  less  tangible,  but  per¬ 
haps  more  important  impact  on  mode  choice.  Each  of  the 
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major  steel  producers  competes  in  each  major  market  area 
in  a  full  range  of  steel  products,  whether  it  produces 
that  good  in  the  region  or  not.  In  order  to  sell  that 
product,  it  must  be  competitive  in  price  -  which  may  in¬ 
volve  absorbing  freight  rates  -  as  well  as  availability. 

In  many  cases,  the  exception  being  standardized  products 
like  most  oil  country  goods,  the  broad  range  of  alternate 
specifications  with  respect  to  size,  metallurgical  prop¬ 
erties,  etc.,  rules  out  sales  from  regional  inventories. 

In  such  instances,  the  increased  transit  time  for  barge 
delivery  from  outside  the  region  might  make  the  firm  non¬ 
competitive  for  a  particular  sale. 

A  fourth  reason  given  for  the  choice  of  rail  over 
barge  in  a  "water-competitive"  market  is  the  additional 
handling  costs  associated  with  barge.  Rail  cars  are 
usually  loaded  at  the  steel  plant  and  unloaded  at  re¬ 
ceivers  siding,  while  barge  shipment  must  often  be  trans¬ 
ferred  to  truck  or  rail  car  for  ultimate  delivery  to  the 
purchaser.  This  transfer  currently  costs  $3.50-$4.00  per 
ton  at  Houston.  Subsequent  cartage  to  a  receiver  100 
miles  from  the  port  adds  another  $10  per  ton  for  iron  and 
steel  articles  and  $13  for  pipe. 


(c)  Distribution 

System  Changes 

1.  Steel  Mill  Products.  Several  changes  are 
occuring  in  the  steel  industry  which  may  work  against  the 
waterway  share  of  gross  domestic  shipments  of  steel  prod¬ 
ucts.  First,  growth  in  the  Texas  steel  industry  may  re¬ 
duce  the  net  deficit  steel  position  of  that  region  and 
thus  reduce  the  market  for  shipments  into  that  prime 
waterborne  market.  Raw  steel  capacity  in  Texas  is  ex¬ 
pected  to  reach  9.5  million  tons  by  1990  (up  from  3.7  mil¬ 
lion  tons  in  1970),  during  which  period  total  United 
States  raw  steel  capacity  is  expected  to  increase  by  only 
26%.  This,  coupled  with  expected  increases  in  the  import 
share  of  steel  products  -  at  the  Gulf  as  well  as  other 
ports  -  during  the  1980s  and  1990s,  will  tend  to  work 
against  growth  in  domestic  waterborne  steel  transporta¬ 
tion. 


Second,  a  significant  portion  of  new  steel 
capacity  installed  in  the  United  States  in  recent  years 
has  been  at  smaller  scrap-based  and  speciality  steel  pro¬ 
ducers,  which  are  often  located  away  from  water  sites  and 
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produce  for  markets  characterized  by  high  value,  small 
shipments  (e.g.,  high  alloy  speciality  products)  or  for 
localized  markets  (e.g.,  reinforcing  bars).  Continuation 
of  such  trends,  which  will  be  encouraged  by  increasing 
transportation  costs  on  all  modes  will  tend  to  repress 
growth  in  barge  markets  shares. 

Finally,  mergers  and  capacity  shake-outs  may  have 
an  impact  on  barge  activity,  although  the  direction  of  the 
effect  is  less  certain.  A  steel  corporation  may  produce 
certain  products  in  each  region  (e.g.,  pipe  in  Chicago  and 
sheet  and  plate  in  the  Pittsburgh  area),  yet  at  the  same 
time  have  a  commitment  to  market  a  full  line  of  products 
in  all  regions.  This  leads  to  long  distance  movement  of 
whole  product  groups  to  balance  out  an  individual  corpora¬ 
tion's  regional  supply  mix,  and  it  leads  to  phenomenon 
such  as  interregional  cross-hauling  of  products  -  i.e., 
the  same  product  moving  both  ways  between  two  regions.  In 
a  related  situation,  a  company  may  fabricate  pipe  at  one 
or  more  locations  and  the  plate  which  feeds  the  pipe  mills 
at  an  entirely  separate  site,  again  possibly  requiring 
interregional  steel  transportation,  and  possibly  water 
transportation  since  a  regular,  high-volume  flow  may  be 
implied . 


WATERBORNE  DEMAND 
PROJECTIONS 

Waterborne  demand  projections  for  primary  metals  prod¬ 
ucts  are  built  up  from  separate  projections  for  iron  and 
steel  products,  coke,  and  other  primary  metals  products. 
Domestic  barge  traffic  in  steel  is  driven  by  total  domes¬ 
tic  mill  shipments  for  segments  in  steel  producing 
regions,  and  by  steel  foreign  trade  activity  to  and  from 
Lower  Mississippi  River  ports.  Coke  demand  is  represented 
entirely  by  import-export  demand,  with  petroleum  coke  im¬ 
ports  and  exports  and  all  domestic  "coke"  traffic  project¬ 
ed  in  the  petroleum  products  section.  Other  primary 
metals  traffic,  which  consists  predominately  of  ferro¬ 
alloys  and  nonferrous  metals  is  projected  based  on 
import-export  activity,  its  dominant  source,  and  market. 


Summar' 


The  demand  for  domestic  waterborne  primary  metals 
transportation  grows  9.1  million  tons  in  1977  to  11.3 
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miLLion  tons  in  1990  (1.7%  per  year)  and  then  slows 
slightly  (1.6%  per  year),  reaching  13.9  million  tons  by 
2003.  Growth  is  shared  equally  by  iron  and  steel  products 
-  1.8%  per  year  in  the  earlier  interval  and  then  1.5%  per 
year  thereafter  -  and  other  primary  metals  -  1.4%  per  year 
in  1990  and  1.9%  thereafter. 


Waterborne  primary  metal  imports  grow  somewhat  faster 
to  1990  (3.1%  per  year),  based  on  strong  growth  in  coke 
imports  in  the  late  1970s  and  early  1980s.  Thus,  while 
iron  and  steel  product  imports  are  increasing  at  1.4%  per 
year  from  1977  to  1990  (17.5  million  tons  to  20.9  million 
tons)  and  other  primary  metal  imports  are  growing  at  5.4% 
per  year,  coke  imports  increase  from  2.1  million  tons  to 
6.6  million  tons. 


Finally,  primary  metals  exports  (2.8  million  tons  in 
1977)  remain  relatively  flat  throughout  the  forecast  per¬ 
iod  (reaching  3.1  million  tons  in  2003),  a  path  followed 
by  all  three  components. 


(b)  Major  Market  Shifts 

All  notable  market  shifts  have  been  described  in  pre¬ 
ceding  sections.  A  shift  in  relative  growth  rates  for 
finished  steel  mill  products  away  from  imports  and  toward 
domestic  mills  alters  the  river  origination  pattern  for 
that  commodity,  but  strong  growth  of  import  activity  in 
ferroalloys  and  subsequent  inland  barge  distribution 
activity  sustains  metals  originations  on  the  Lower 
Mississippi  River.  The  rapid  growth  of  this  ferroalloy 
traffic,  combined  with  flat  intra-segment  traffic  in  steel 
producing  areas,  reinforces  a  South-to-Nor th  domestic 
waterborne  distribution  pattern  for  the  primary  metals 
group  as  a  whole . 


Rapid  growth  of  coke  imports  in  the  1977-1990  period 
also  buoys  waterborne  imports  activity  for  the  group  as  a 
whole,  as  the  steel  import  growth  rate  slackens. 


(c)  Waterborne  Flow  Changes 

Tables  XIII-2  through  XIII-5  present  the  waterborne 
demand  projections  for  primary  metals.  Table  XIII-2  shows 
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the  domestic  shipments  and  receipts  for  each  of  21  report 
segments.  Table  XIII-3  presents  the  domestic  tonnage 
utilizing  each  segment  within  the  Mississippi  River  system 
and  Great  Lakes,  including  inbound,  outbound,  local,  and 
through  traffic.  No  total  is  presented  in  this  table  be¬ 
cause  of  the  implicit  double-counting  of  flows  utilizing 
more  than  one  segment.  Table  XIII-4  exhibits  the  ton- 
miles  generated  on  each  segment  for  the  traffic  loading 
represented  in  the  previous  table.  Ton-miles  in  1977  may 
differ  from  data  published  elsewhere  due  to  the  level  of 
aggregation  of  the  NWS  network  used  to  generate  dis¬ 
tances.  Projected  ton-mile  growth  rates  should  be  un¬ 
affected.  Finally,  Table  XIII-5  shows  the  projected 
primary  metals  import-export  activity  for  each  NWS  segment. 


The  fastest  growing  domestic  originating  segments  are 
the  Lower  Mississippi  River  and  Warrior  River  system  (3.2% 
and  3.4%  per  year,  respectively),  which  are  dominated  by 
growth  in  the  distribution  of  import  and  locally  produced 
ferroalloys.  For  the  same  reason  (i.e.,  ferroalloys), 
steel-producing  regions  uprivef  show  f aster-than-average 
growth  in  primary  metals  receipts  (e.g.,  2.7%  per  year  for 
the  Ohio  River  system,  and  1.9%  on  the  Illinois).  Primary 
metals  traffic  on  all  of  these  steel  producing  segments  is 
also  inhibited  by  the  stagnation  of  intra-segment  flows  of 
iron  and  steel.  For  example,  waterborne  iron  and  steel 
originations  on  the  Illinois  River  (including  Calumet 
River  plants)  grows  at  1.9%  from  1977  to  1990,  compared  to 
2.3%  per  year  for  outbound  steel  product  shipments.  West 
Coast  segments  show  declining  activity  in  domestic  primary 
metal  activity  due  to  the  elimination  of  domestic  water¬ 
borne  steel  distribution  in  that  area.  This  also  explains 
some  of  the  drop  in  Mid  Atlantic  shipments  indicating  the 
continued  decline  of  Atlantic-to-Paci f ic  flows. 


Primary  metals  imports  show  different  rates  of  growth 
on  different  segments  in  the  forecast  period  depending 
primarily  on  commodity  mix.  Segments  with  large  coke 
and/or  ferroalloy  components  grow  relatively  fa*st  in  the 
1977-1990  period  -  Baton  Rouge  to  Gulf  (40%  per  year)  and 
Middle  Atlantic  Coast  (4.4%  per  year),  while  ports  for 
which  the  import  commodity  mix  is  weighted  toward  steel 
products  grow  more  slowly  -  North  Atlantic  Coast  (2.4%  per 
year).  Great  Lakes  import  growth  (2.7%  per  year  from 
1977-1990)  suffers  from  a  shift  toward  land-delivered 
Canadian  sources  for  imports. 
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Chicago  District  grows  by  72%  (from  15.6  millions  in  1977 
to  26.8  million  tons  in  2003),  while  scrap  compsumption  in 
the  Southern  district  grows  by  only  25%  over  the  same 
period  (from  9.5  to  11.8  million  tons).  The  slower  growth 
of  Southern  scrap  consumption  results  from  relatively 
faster  growth  in  direct  reduced  iron  usage.  Scrap 
requirements  are  lower  under  both  macroeconomic  alter¬ 
natives  than  in  the  Trendlong  case,  because  slower  growth 
n  the  economy  causes  less  steel  demand  and  slower  elec¬ 
tric  furnace  development.  In  2003,  scrap  requirements 
fall  short  of  Trendlong  by  7  and  9  million  tons  for 
Badenergy  and  Largergovt,  respectively. 


Non-ferrous  scrap  imports  are  expected  to  con¬ 
tinue  their  strong  growth,  but  at  a  more  moderate  5%  per 
year  rate,  reaching  2  million  tons  in  2003.  Non-ferrous 
scrap  exports  grow  at  about  2.7%  per  year  over  the  fore¬ 
cast  period,  reaching  655  thousand  tons  in  2003. 


2.  Other  Waste  and  Scrap.  Other  waste  and  scrap 
exports  are  expected  to  continue  their  strong  growth,  but 
at  a  more  modest  3.7%  per  year  (about  half  the  historic 
rate).  Although  population-based  waste  is  almost  certain 
to  grow  at  least  as  rapidly  as  the  population  in  the 
future,  environmental  restrictions  are  likely  to  hinder 
waterborne  transportation-related  activity,  which  is 
largely  for  sludge  and  garbage  dumping. 


(c)  Key  Industry  Changes 

Scrap  supply  is  a  critical  factor  in  any  long-term 
projection  of  steel  quantities.  It  is  the  dominant  input 
for  the  electric  furnace,  which  has  to  provide  the  bulk  of 
steel  capacity  expansion  in  light  of  its  low  capital  cost 
relative  to  the  blast  furnace-blast  oxygen  furnace  com- 
binat ion . 


In  the  face  of  this  potential  increase  in  demand, 
there  is  a  strong  tendency  toward  tighter  supply.  Home 
scrap  as  a  proportion  of  raw  steel  plus  castings  is  pro¬ 
jected  to  decline  substantially  as  a  result  of  increased 
use  of  continuous  casting.  Prompt  industrial  scrap  is 
projected  to  hold  steady  or  decline  as  a  proportion  of 
steel  consumption  due  to  the  potential  for  increased 


The  import  basis  of  domestic  primary  metals  growth  is 
also  demonstrated  by  Tables  XIII-3  and  XIII-4,  which  show 
strongest  growth  (2.6%-2.7%  per  year  ton-mile  growth  to 
1990)  for  the  Lower  Mississippi  and  Ohio  River  segments 
which  play  the  biggest  role  in  import  distribution. 
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XIV 


WASTE  AMD  SCRAP 


INDUSTRY  OUTLOOK 


Waste  and  scrap  consists  of  two  generic  components  - 
industrial,  which  is  derived  from  and  destined  as  an  input 
to  commercial  activity  (e.g.,  metal  scrap  and  paper  waste 
and  scrap)  and  population-generated  garbage  and  sewer 
sludge.  Iron  and  steel  scrap  activity  is  forecast  for  the 
MWS  based  on  domestic  steel  production,  the  technology  mix 
of  steel  furnaces,  and  relative  raw  material  costs.  Other 
industrial  waste  and  scrap  is  related  to  activity  measures 
in  producing  and  consumering  industries.  Population-based 
waste  is  assumed  to  be  related  to  population  levels. 


(a)  Industry 
_ Background 


L.  Metallic  Scrap.  Iron  and  steel  scrap  enters 
the  steel  production  process  as  an  input  to  the  blast  fur¬ 
nace  for  the  production  of  pig  iron  (an  intermediate  step 
on  the  way  to  raw  steel  in  the  open  hearth  and  basic  oxy¬ 
gen  technologies)  or  as  a  direct  charge  to  the  steel  fur¬ 
nace  (scrap  provides  nearly  all  of  the  metallic  input  to 
electric  furnaces).  Iron  and  steel  scrap  has  two  main 
sources:  hoiqe  scrap,  which  is  generated  within  the  steel 

mill  from  trimmings  and  obsolete  equipment,  and  purchased 
scrap,  which  is  derived  from  outside  sources  such  as  vehi¬ 
cle  and  machinery  salvage.  Of  the  91.4  million  tons  of 
scrap  available  for  consumption  at  consuming  plants  in 
1977,  49.5  million  were  produced  with  the  plant,  and  41.9 
million  tons  were  purchased.  The  scrap  requirements  per 
ton  of  raw  steel  produced  have  been  relatively  constant 
over  the  last  decade  in  spite  of  the  growth  in  electric 
furnace  share  because  of  the  decline  in  open  hearth  pro¬ 
duction  which  uses  67%  more  scrap  than  the  basic  oxygen 
process.  Large  volumes  of  united  States  iron  and  steel 
scrap  are  also  exported  (5.9  million  tons  in  1977). 


Scrap  purchases  in  non-ferrous  metals  industries 
are  on  a  much  smaller  scale.  For  example,  1.9  million 
tons  of  aluminum  scrap  were  received  by  aluminum  producers 
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in  1977.  Waterborne  imports  of  non-ferrous  metal  scrap 
amounted  to  403.5  thousand  tons  in  1977,  up  from  183.2 
thousand  tons  in  1970.  Non-ferrous  scrap  exports  reached 
a  peak  of  381  thousand  tons  in  1973,  before  falling  back 
to  328  thousand  tons  in  1977. 


(b)  National  and 
_ Regional  Forecasts 

1.  Me tallic  Scrap.  Consumption  of  scrap  is  pro¬ 
jected  to  increase  from  91.9  million  net  tons  in  1977  to 
133.6  million  net  tons  in  2003.  This  is  an  increase  of 
41.7  million  tons,  or  45%.  An  addtional  million  tons  is 
added  to  user  inventory  over  the  period  for  a  total  in¬ 
crease  of  42.7  million  tons  (Table  XIV).  The  forecast 
increase  in  scrap  consumption  is  less  than  would  be  indi¬ 
cated  by  the  projected  change  in  raw  steel  production  and 
furnace  mix  if  historical  scrap  usage  ratios  were  to 
obtain. 


The  difference  is  due  to  a  projected  increase  in 
the  use  of  direct  reduced  iron  from  348  thousand  tons  in 
1978  (and  prior  1974  peak  of  614  thousand  tons)  to  44  mil¬ 
lion  tons  in  2003.  The  direct  reduced  iron  would  be  used 
primarily  as  sponge  iron  in  the  electric  furnace,  but 
potentially  in  the  blast  furnace  as  well  to  increase  pro¬ 
ductivity  and  reduce  the  coke  rate. 


Net  exports  of  scrap  are  projected  to  rise  from 
8.2  million  net  tons  in  1978  to  10.4  million  by  1984.  The 
projection  is  maintained  at  this  level  throughout  the  rest 
of  the  forecast  period,  on  the  assumption  either  that  suf¬ 
ficient  quantities  of  direct  reduced  iron  are  produced  and 
consumed  abroad  to  substitute  for  scrap  in  support  of  in¬ 
creased  steel  production,  or  controls  are  imposed  on 
exports  of  United  States  scrap.  Controls  were  imposed  in 
1973  when  net  scrap  exports  totaled  10.8  million  tons  and 
scrap  prices  reach  levels  comparable  in  real  terms  to 
those  reached  in  1984  under  the  Trendlong  alternative. 


Scrap  consumption  growth  rates  are  expected  to 
vary  by  region  because  of  differential  raw  steel  produc¬ 
tion  growth  and  furnace  shifts  during  the  forecast  peri¬ 
od.  For  example,  estimated  scrap  consumption  in  the 


258 


efficiency  of  materials  use  in  end  markets,  leaving  obso¬ 
lete  scrap  as  a  residual  supply  to  fill  the  gap. 

There  is  no  comonly  accepted  measure  of  usable  obso¬ 
lete  scrap  that  would  be  available  at  any  particular  time 
from  accumulated  past  steel  consumption.  However,  esti¬ 
mates  indicate  that  scrap  prices  would  have  to  rise  very 
substantially  to  call  forth  sufficient  obsolete  tonnage  to 
fill  the  gap.  By  the  mid-1980s,  the  pressure  of  rising 
demand  on  tightening  supplies  pushes  the  constant-dol lar 
scrap  price  to  the  level  of  cost  estimated  for  direct 
reduced  iron. 


As  noted  elsewhere  in  this  report,  direct  reduced  iron 
is  likely  to  be  developed  in  response  to  the  scrap  price 
and  availability  problems.  While  there  are  likely  to  be 
temporary  short-term  fluctuations  whose  precise  timing  and 
magnitude  cannot  be  determined  in  the  context  of  a  trend 
macroeconomic  forecast,  the  cost  of  the  direct  reduced 
iron  substitute  puts  a  ceiling  on  the  long-term  price  of 
scrap.  The  NWS  projections  substitute  direct  reduced  iron 
to  fill  the  growing  gap  between  scrap  demand  and  supply  at 
a  constant-dol lar  price  of  approximately  $110  per  ton, 
which  is  the  currently  estimated  cost  of  direct  reduced 
iron.  Alternative  steel  industry  forecasts  based  on  a 
higher  production  cost  of  direct  reduced  iron  ($130/ton) 
have  been  developed  for  inclusion  in  the  ten  NWS 
scenar ios . 


DISTRIBUTION  SYSTEM 


The  distribution  system  analysis  for  waste  and  scrap 
focused  on  the  role  of  waterborne  transportation  in  the 
iron  and  steel  scrap  delivery  system  as  well  as  historic 
and  expected  trends  in  waterborne  scrap  delivery. 


(a)  Role  of 

Waterborne 
_ Transportation 

1 .  Metallic  Scrap.  The  largest  component  of 
waterborne  traffic  of  iron  and  steel  scrap  is  exports, 
which  amounted  to  5.2  million  tons  in  1977,  down  from  a 
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peak  of  9.4  million  tons  in  1973.  The  largest  export 
areas  are  the  Atlantic  Coast  (50%-55%  of  total  exports 
throughout  the  1970s),  which  accesses  the  scrap  pool  in 
the  Northeast  population  and  industrial  centers,  and  the 
Pacific  Coast  (32.4%  in  1977,  up  from  27%-28%  in  earlier 
years),  which  services  Far  Eastern  scrap  markets. 


Although  some  scrap  arrives  at  many  riverside 
steel  plants  by  barge,  the  waterways  are  a  minor  source  of 
scrap  for  most.  The  1.5  to  2.3  million  tons  of  metal 
scrap  moving  in  domestic  waterborne  commerce  since  1969 
have  amounted  to  about  2%  of  total  consumption  at  con¬ 
suming  plants.  These  percentages  should  be  discounted 
somewhat  because  some  of  the  domestic  scrap  traffic  is  in 
support  of  United  States  scrap  exports,  a  significant 
fraction  of  which  occur  from  barge-served  ports  such  as 
New  Orleans,  Mobile,  and  Chicago. 


A  significant  share  of  domestic  waterborne  scrap 
traffic  is  in  conjunction  with  foreign  trade  movements. 

For  example,  the  substantial  local  tonnage  within  the  New 
York  harbor  area  (458  thousand  tons  -  25%  of  domestic 
scrap  traffic)  appears  to  be  related  to  export  activity  in 
that  area. 


Other  commercial  waste  and  scrap  is  almost 
entirely  foreign  trade  related.  For  example,  733  out  of 
788  thousand  tons  of  non-ferrous  scrap  were  waterborne 
imports  or  exports  in  1977,  and  only  49  thousand  out  of 
1.4  million  tons  of  waterborne  traffic  for  paper  and  tex¬ 
tile  waste  and  scrap  was  domestic  traffic  in  that  year. 


The  remaining  waste  and  scrap  traffic  relates  to 
refuse  and  sludge  disposal  in  major  urban  areas  such  as 
New  York  (8.1  million  tons  in  1977,  down  from  11.0  mil¬ 
lions  tons  in  1973)  and  Chicago  (632  thousand  tons  in 
1977,  down  from  3.7  million  in  1975. 


(b)  Factors  Affecting 
Modal  Choice 


As  noted  above,  aside  from  import/export  traffic, 
where  the  choice  of  mode  is  obvious,  only  a  very  small 
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share  of  scrap  traffic  utilizes  waterborne  transportation. 
The  reasons  for  this  parallel  the  modal  choice  factors 
outlined  in  the  discussion  of  modal  choice  for  steel  mill 
products  in  the  previous  Chapter.  Factors  such  as  large 
minimum  shipment  sizes,  loading  and  unloading  costs 
(including  movement  within  plant  confines),  and  low  speed 
all  work  against  choice  of  barge.  For  example,  the  dis¬ 
persion  of  scrap-generating  activity  (for  all  except  home 
scrap)  discourages  the  supply  concentrations  necessary  for 
most  efficient  barge  transportation.  In  fact,  where  barge 
transportation  has  made  inroads  into  scrap  traffic  it  is 
often  for  traffic  between  surplus  and  deficit  steel  plants 
which  have  a  concentration  of  supply  and  demand  as  well  as 
the  facilities  to  load  and  unload  barges.  The  time  pen¬ 
alty  also  works  against  barge  in  a  market  as  volatile  as 
scrap  markets. 


(c)  Distribution 

System  Changes 

The  structure  of  waterborne  scrap  markets  has  been 
changing  in  recent  years  in  response  to  changes  in  the 
steel  industry.  Growth  of  scrap-based  steel  capacity  at 
Houston  in  the  1970s  has  made  the  Houston  Ship  Channel  the 
largest  scrap  destination  on  the  waterway  system,  with 
receipts  growing  from  11  thousand  tons  in  1970  to  450 
thousand  tons  in  1977,  with  much  of  this  growth  being  sup¬ 
ported  by  increased  shipments  from  the  Warrior  River 
System.  At  the  same  time,  the  growth  of  scrap-based  mini- 
mills  outside  of  traditional  steel  producing  areas  has 
reduced  local  surpluses  previously  available  for  possible 
barge  transport  on  segments  such  as  the  Upper  Mississippi 
River,  the  Upper  Lower  Mississippi  River,  and  the  Middle 
Ohio  River. 


As  domestic  scrap  demand  grows.  United  States  pro¬ 
ducers  will  probably  continue  to  bid  scrap  away  from  the 
export  market  -  exports  of  5.2  million  tons  in  1977  were 
down  from  8-9  million  tons  at  the  beginning  of  the  decade. 
To  the  extent  that  the  export  market  has  been  delivered  by 
barge  to  Gulf  or  Great  Lakes  ports,  this  will  act  to  the 
detriment  of  waterways  flows.  However,  since  signif¬ 
icant  scrap-based  furnace  capacity  has  been  installed  at 
waterfront  sites,  such  as  Houston  and  Kansas  City,  much  of 
the  shift  will  be  in  destination  rather  than  mode.  For 


example,  a  new  barge  dock  will  supply  a  significant  frac¬ 
tion  of  the  scrap  requirements  at  an  electric  furnace 
facility  in  scrap-deficient  Kansas  City.  Similarly,  an¬ 
other  steel  producer  is  said  to  be  implementing  plans  to 
load  more  scrap  along  the  Mississippi  River  between  St. 
Louis  and  Baton  Rouge  -  an  area  with  minimal  steel-based 
scrap  demand  which  has  historically  served  the  export 
scrap  market. 


WATERBORNE  DEMAND 
PROJECTIONS 


Projections  of  the  demand  for  waterborne  transporta¬ 
tion  of  waste  and  scrap  are  built  up  from  separate  pro¬ 
jections  for  metal  scrap  and  other  scrap.  Domestic  metal 
scrap  flows,  of  which  only  the  iron  and  steel  component 
moves  in  any  volume  in  domestic  waterborne  commerce,  are 
projected  on  the  basis  of  segment-specif ic  export  activity 
for  inland  flows  oriented  to  export  facilities,  and  on  the 
basis  of  scrap  consumption  in  river-oriented  steel  pro¬ 
ducing  districts.  The  domestic  component  of  "other"  scrap 
transportation  demand,  which  generally  represents  trash 
and  sludge  disposal,  is  expected  to  decline  because  of 
environmental  limitations  on  dumping. 


(a)  Summary 
* 

The  demand  for  domestic  waterborne  transportation  of 
waste  and  scrap  is  flat  between  1977  and  1990,  and  ac¬ 
tually  declines  slightly  from  14.3  million  tons  in  1990  to 
13.9  million  tons  (-.2%  per  year).  The  projections  re¬ 
flect  growth  in  waterborne  metal  scrap  demand  of  3.1%  per 
year  in  the  earlier  period  (2.0  million  tons  to  3.0  mil¬ 
lion  tons),  offset  by  slow  declines  in  "other"  scrap 
demand  (-.7%  per  year).  Metal  scrap  slows  to  .4%  per  year 
growth  after  1990,  while  "other"  scrap  continues  declining 
at  .3%  per  year,  reaching  10.8  million  tons  in  2003  (down 
from  12.4  million  tons  in  1977). 


Waterborne  scrap  exports  are  projected  to  grow  from 
6.8  million  tons  in  1977  to  11.7  million  tons  in  1990 
(4.2%  per  year),  largely  on  the  basis  of  a  surge  in  metal 
scrap  exports  in  the  early  part  of  the  period.  The  slow 
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( 1%  per  year)  growth  of  scrap  exports  after  1990  results 
from  moderate  growth  in  non-ferrous  and  other  scrap  prod¬ 
ucts  (2.7%  —  3.7%  per  year)  and  flatness  in  the  much  larger 
iron  and  steel  scrap  exports. 


The  smaller  waterborne  scrap  imports  are  projected  to 
grow  at  4.5%-5.0%  throughout  the  forecast  period,  reaching 
2.1  million  tons  in  2003.  The  demand  for  domestic  water¬ 
borne  scrap  transportation  is  lower  under  both  macroeconom¬ 
ic  alternatives  due  to  slower  growth  in  scrap  consumption 
by  the  domestic  steel  industry. 


(b)  Major  Market 
Shifts 


All  notable  shifts  in  waterborne  scrap  markets  are 
documented  elsewhere  above.  These  include  the  limitation 
of  scrap  export  growth  and  the  relatively  slow  growth  of 
Southern  scrap  requirements,  which  shift  the  market  share 
of  waterborne  scrap  terminations  upriver  on  the  Missis¬ 
sippi  River  system,  and  the  development  of  new  scrap 
receiving  facilities  at  Kansas  City.  The  decline  of 
"other"  scrap  movements  for  dumping  of  trash  and  sludge 
also  shows  up  as  reductions  in  waste  and  scrap  traffic  in 
specific  segments  (e.g.,  New  York  and  the  Illinois  River). 


(c)  Waterborne  Flow 

_ Changes _ 

Tables  XIV-2  through  XIV-5  present  the  waterborne 
demand  projections  for  metallic  ores.  Table  XIV-2  shows 
the  domestic  shipments  and  receipts  for  each  of  21  report 
segments.  Table  XIV-3  presents  the  domestic  tonnage  uti¬ 
lizing  each  segment  within  the  Mississippi  River  system 
and  Great  Lakes,  including  inbound,  outbound,  local,  and 
through  traffic.  No  total  is  presented  in  this  table 
because  of  the  implicit  double-counting  of  flows  utilizing 
more  than  one  segment.  Table  XIV-4  exhibit  the  ton-miles 
generated  on  each  segment  for  the  traffic  loading  repre¬ 
sented  in  the  previous  table.  Ton-miles  in  1977  may  dif¬ 
fer  from  data  published  elsewhere  due  to  the  level  of 
aggregation  of  the  NWS  network  used  to  generate  dis¬ 
tances.  Projected  ton-mile  growth  rates  should  be 
unaffected.  Finally,  Table  XIV-5  shows  the  projected 
metallic  ore  import-export  activity  for  each  NWS  segment. 
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Tables  detailing  projections  for  the  macroeconomic  alter¬ 
natives  are  found  in  Appendix  B. 


The  growth  of  demand  for  waterborne  scrap  transporta¬ 
tion  on  particular  segments  depends  on  the  commodity  mix 
and  market  mix  of  the  segment's  traffic.  Thus,  although 
metal  scrap  terminations  at  the  Houston  Ship  Channel  grow 
2.0%  per  year  to  1990,  reflecting  growing  requirements  for 
iron  and  steel  scrap  to  feed  the  Texas  steel  industry, 
tot:,  i  scrap  receipts  at  the  West  Gulf  is  a  whole  decline 
1.6%  because  of  the  dominance  of  declining  "other"  scrap 
receipts  in  that  area.  A  similar  phenomenon  causes  total 
scrap  receipts  on  the  Illinois  River  to  decline  2.0%  per 
year,  even  though  metal  scrap  receipts  are  growing  at  3.0% 
per  year. 


Domestic  scrap  receipts  on  most  inland  segments 
reflect  the  growth  of  scrap  consumption  in  the  steel  pro¬ 
ducing  regions  served  by  them.  Exceptions  include  the 
Missouri  River,  where  metal  scrap  receipts  grow  at  22% 
between  1977  and  1990,  reflecting  the  development  of 
waterborne  receiving  facilities  by  the  steel  industry  at 
Kansas  City.  4.9%  per  year  growth  in  metallic  scrap 
export  activity  is  masked  by  an  offsetting  decline  in 
dumping  activity  there. 


Originating  shipment  activity  by  segment  is  also  a 
function  of  commodity  and  market  mix.  Thus,  segments 
which  serve  the  growing  Missouri  River  market  grow  rela¬ 
tively  faster  than  average  from  1977  to  1990  (2.6%-2.7% 
per  year  for  the  Upper  Mississippi  and  Ohio  Rivers  com¬ 
pared  to  2.0%  for  the  Warrior  System). 


Scrap  traffic  growth  slows  on  all  segments  handling 
metal  scrap  traffic  in  the  second  half  of  the  forecast 
period  due  to  acceleration  of  the  introduction  of  direct 
reduced  iron  as  a  feed  for  electric  steel  furnaces.  For 
example,  domestic  ton-miles  of  waste  and  scrap  traffic 
grow  at  1.5%  per  year  from  1977  to  1990,  but  only  .1%  per 
year  thereafter. 


XV 


OTHER  COMMODITIES 
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INDUSTRY  OUTLOOK 

As  in  the  case  of  stone,  clay,  glass  and  concrete 
products,  a  variety  of  forecasting  models  were  accessed  in 
the  projections  of  "other  commodities"  waterborne  traffic 
demand.  For  example,  marine  shell  projections  were  de¬ 
rived  from  industry  sources,  while  the  majority  of  miscel¬ 
laneous  commodity  growth  rates  were  developed  from  con¬ 
cepts  forecast  in  the  Macro  Model  of  the  United  States 
Economy.  Information  of  waterway  improvement  material 
flows  was  provided  by  the  Corps  of  Engineers. 


In  general,  regional  adjustments  to  the  forecasts  were 
made  at  the  specific  commodity  level.  In  particular, 
fresh  fish  and  shellfish  landings  by  coastal  ranges  were 
adjusted  to  reflect  changes  in  the  types  of  fish  stocks 
exploited  as  well  as  environmental  factors  -  such  as  pol¬ 
lution  -  that  hinder  catch  levels. 


(a)  Industry 
_ Background 

The  NWS  "other  commodity"  category  consists  of  three 
major  areas:  marine  shells,  miscellaneous  commodities 
(chiefly  manufactured  products),  and  waterway  improvement 
materials. 


Marine  shells,  mined  in  the  Gulf  of  Mexico,  Warrior 
River  System  and  along  the  Gulf  Intercoastal  Waterway, 
have  a  variety  of  applications  related  to  the  construction 
industry  -  principally  as  highway  roadbeds  and  as  a  source 
of  lime.  Material  substitution  over  the  past  ten  years 
has  reduced  the  need  for  additional  mining  operations.  In 
addition,  increasing  environmental  restrictions  on  seabed 
mining  activity  have  curtailed  marine  shell  production 
along  the  Gulf  Coast.  Average  marine  shell  production  in 
the  late  1970s  has  been  just  over  10  million  tc-:.s  per 
year.  At  present,  no  marine  shells  are  imported  to  or 
exported  from  the  United  States. 
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Miscellaneous  commodities  in  the  NWS  forecasting 
effort  (see  Appendix  A  for  a  complete  list)  consist  pri¬ 
marily  of  lesser  (in  volume  terms)  manufactured  products. 
Ranging  from  other  forest  products  through  rubber  and 
fabricated  metals  to  miscellaneous  manufactures,  these 
commodities  are  <  residual  category  in  the  overall  fore¬ 
casting  process.  In  1977,  miscellaneous  commodity  move¬ 
ments  were  just  over  3%  of  total  (domestic  and  foreign) 
waterborne  traffic.  Forecasts  of  these  commodity  groups 
generally  involved  using  projections  from  the  Macro  Model 
of  the  United  States  Economy.  Foreign  trade  was  the  major 
contributor  to  miscellaneous  waterborne  commodity  traffic 
in  the  late  1970s. 


i 


Waterways  improvement  materials  consist  primarily  of 
rock  used  in  waterway  bank  stabilization,  rock  fill  for 
lock  and  dam  erosion  containment  as  well  as  for  channel 
improvements.  Since  future  waterway  improvements  will  be 
determined  as  an  output  of  NWS,  no  forecasting  model  of 
this  commodity  was  developed.  Estimates  of  materials  used 
are  held  at  1977  levels,  except  in  cases  where  episodic 
(one-time)  projects  were  known  to  be  underway. 

(b)  National  and 

_ Regional  Forecasts 

As  previously  mentioned,  a  variety  of  forecasting 
sources  were  used  in  developing  miscellaneous  commodity 
waterborne  demand  projections.  In  general,  estimates  of 
production  and/or  consumption  for  each  specific  industry 
(tobacco,  for  example)  are  produced  for  the  forecast 
period  and  used  to  drive  waterborne  domestic  and  foreign 
traffic  for  each  miscellaneous  commodity.  The  results  of 
the  analysis  are  presented  in  Table  XV-1. 


Overall,  total  United  States  industrial  production  is 
expected  to  grow  by  just  over  3.5%  per  year  from  1980  to 
2003  under  the  Trendlong  scenario.  Growth  by  industry 
sector  varies  from  a  low  of  just  over  1%  per  year  for 
tobacco  products  to  over  5%  per  year  for  the  rubber  and 
plastics  sectors. 


next 


Export  growth  is  expected  to  be  quite  bullish 
twenty-five  years,  with  average  yearly  rates 
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increase  at  welL  over  5%  for  most  categories.  Automotive 
and  truck  related  exports  are  forecast  to  be  quite  strong 
as  the  United  States  begins  marketing  parts  and  components 
for  "world-vehicles"  abroad. 


Import  trade  is  likely  to  increase  at  a  somewhat 
slower  rate  than  exports  in  the  1980  to  2003  period. 
Declines  in  automotive  imports  reflect  the  location  of 
foreign  producers  within  the  United  States  in  response  to 
calls  for  auto  import  protection  by  Detroit. 


Domestic  fish  consumption  is  expected  to  grow  in  rela¬ 
tion  to  historical  rates  during  the  forecast  period,  aver¬ 
aging  1.9%  per  year  to  1990  and  1.6%  per  year  through 
2003.  Per  capita  fish  consumption  in  the  United  States 
has  been  assumed  to  increase  by  about  1%  per  year  over  the 
next  twenty-five  years. 


Finally,  marine  shell  production  in  the  Gulf  Coast 
region  is  expected  to  decline  by  1.0%  per  year  throughout 
the  forecast  period. 


Regional  forecasts  were  generally  not  developed  in  the 
miscellaneous  commodity  analysis.  Where  they  exist,  spe¬ 
cific  discussion  of  the  results  are  presented  in  the 
Waterborne  Demand  Projections  section. 


Miscellaneous  commodity  explanatory  factor  growth 
rates  did  not  vary  substantially  under  the  alternative 
macroeconomic  scenarios.  For  example,  total  United  States 
industrial  production  averaged  3.5%  under  the  Largergovt 
scenario  and  3.4%  under  the  Badenergy  option  relative  to 
about  3.6%  under  Trendlong.  The  major  reason  is  that  the 
alternative  scenarios  were  developed  to  affect  bulk  com¬ 
modities  (the  major  traffic  on  waterways)  as  opposed  to 
manufactured  product  sectors. 


(c)  Key  Industry 
Developments 

In  line  with  recent  experience,  a  continuing  decline 
has  been  forecast  for  marine  shell  traffic  in  the  forecast 
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period.  The  consensus  in  industry  outlook  has  a  general 
decline  in  production,  with  some  slight  increases  for  cer¬ 
tain  deposits.  Stricter  environmental  regulations  govern¬ 
ing  this  activity  will  constrain  both  exploitation  of  new 
marine  shell  deposits  as  well  as  restrict  existing  activi¬ 
ties.  Mo  technological  changes  in  the  industry  are  ex¬ 
pected  in  the  coming  years  that  would  influence  shipment 
levels.  The  current  forecast  of  a  1%  per  year  decline  in 
traffic  appears  optimistic,  given  the  growing  constraints 
on  marine  shell  mining  operations. 


For  fresh  fish  landings,  the  industry  consensus  fore¬ 
cast  of  3.3%  production  growth  over  the  next  twenty-five 
years  was  used.  This  rate  is  consonant  with  catch  levels 
and  is  not  expected  to  deplete  major  food  fish  stocks 
below  population  reproduction  levels.  Substitution  of  new 
fish  types  is  implicitly  assumed  in  the  forecast  although 
exact  species  are  unkown  at  present. 


Current  environmental  problems  will  limit  new  produc¬ 
tion  gorwth  in  shellfish  to  5.0%  per  year.  The  shellfish 
catch  is  assumed  to  grow  at  3.0%  per  year  to  2003,  given 
that  shellfish  farms  are  able  to  replace  current  pollu¬ 
tion  induced  limits  on  seabed  production.  Menhaden  fish 
catches  are  assumed  to  grow  in  line  with  United  States 


paint  production,  since  the  fish  is  used 
oi 1  for  paint . 


source  of 


Fabricated  metals  and  machinery  traffic,  generally 
determined  by  United  States  production  activity  in  these 
sectors,  was  assumed  to  grow  in  line  with  the  industry 
through  2003. 


Motor  vehicle  traffic  in  the  domestic  trades  was 
closely  related  to  United  States  vehicle  production  and 
forecast  on  the  basis  of  auto  sector  growth  over  the  next 
twenty-five  years.  Foreign  trade  activity  in  motor 
vehicles  was  related  both  to  other-than-United  States 
demand  for  American  cars  and  trucks  as  well  as  imported 
car  demand  in  the  United  States.  As  stated  earlier,  car 
imports  as  a  percent  of  total  production  are  expected  to 
stabilize  in  the  198Cs  and  beyond  as  foreign  manufacturers 
locate  in  the  United  States. 
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Miscellaneous  commodity  flows  by  water  -  both  domestic 
and  overseas  trades  -  are  expected  to  move  inline  with 
United  States  industrial  production  as  well  as  import/ 
export  activity.  Increasing  imports  of  miscellaneous 
manufactured  goods  from  United  States  subsidiaries  in 
Southeast  Asia  in  the  forecast  period  account  for  substan¬ 
tial  amount  of  United  States  foreign  trade  growth. 


Water,  with  principal  movements  in  support  of  oil  and 
gas  drilling  activities  (drilling  mud  and  shaft  lining 
production),  is  expected  to  grow  inline  with  new  explora¬ 
tion  activity,  especially  offshore  development.  Histori¬ 
cal  growth  rates  of  8%  per  year  in  water  consumption  in 
this  sector  will  decline  slightly  as  more  wells  are 
drilled  on-shore,  necessitating  transportation  by  other 
modes.  Overall,  offshore  oil  and  gas  well  water  demands 
are  assumed  to  grow  5%  per  year  in  the  next  quarter 
century . 


DISTRIBUTION  SYSTEM 

A  formal  anaylsis  of  the  waterway  distribution  system 
for  the  "other  commodities"  groups  was  not  undertaken  in 
NWS.  The  following  sections,  however,  summarize  some  of 
the  key  aspects  of  waterborne  movements  for  these  com¬ 
modities  . 


(a)  Role  of  Waterway 
_ Transportat ion 

Marine  shell  traffic  is  concentrated  in  local  and 
internal  movements  on  the  waterway  system,  with  all  other 
traffic  classes  neglibible  or  zero.  Since  1965,  shells 
traffic  has  fallen  from  a  high  of  just  over  19  million 
tons  to  11  million  tons  in  1977.  Local  traffic  has  fallen 
even  more  dramatically,  dropping  from  8.5  million  tons  in 
1965  to  1  million  tons  in  1977. 


Marine  shell  mining  has  been  concentrated  along  the 
Gulf  Intercoastal  Waterway,  in  the  Gulf  of  Mexico  and  on 
the  Warrior  River  System.  Most  traffic  lost  in  recent 
years  has  been  concentrated  in  the  Gulf  Intercoastal 
Waterway  -  West  section.  Barge  is  the  only  feasible  mode 
for  the  majority  of  movements  from  seabed  mining  areas  to 
land,  with  truck  movements  to  final  consumption  site. 


Although  the  miscellaneous  commodity  group  encompasses 
a  wide  variety  of  products,  waterborne  traffic  is  concen¬ 
trated  in  a  relatively  few  categories.  For  miscellaneous 
internal  traffic,  three  groups  dominate:  fish  and  shell¬ 
fish  (approximately  30%  of  1977  traffic  in  the  miscel¬ 
laneous  group),  water  (36%  of  1977  traffic  levels)  and 
manufactured  commodities  (34%  of  1977  traffic).  In  the 
coastwise  trade,  manufactured  commodities  (including 
unidentified  commodities)  make  up  almost  all  the  traffic. 
For  lakewise,  trade,  miscellaneous  and  unidentified  manu¬ 
factured  products  represent  55%  of  traffic  with  machinery 
at  20%  of  water  traffic.  Interter r i tor ia 1  traffic  is  com¬ 
posed  of  45%  unidentified  commodities,  15%  water,  15% 
furniture  and  much  of  the  rest  fresh  fish.  Finally,  64% 
of  local  traffic  is  water,  15%  is  unidentified,  and  the 
rest  is  fish. 


Since  "other"  waterborne  traffic  by  class  tends  to  be 
concentrated  in  three  basic  areas  -  fresh  fish,  water  and 
miscellaneous/unidentified  manufacturers,  discussion  of 
distribution  systems  is  limited  to  these  commodities. 

Fresh  fish  has  destinations  concentrated  in  only  a  few  NWS 
reporting  segments  -  Central/Southern  California, 
Chesapeake/Delaware  bays,  the  Upper  Atlantic  and  Puget 
Sound.  Tuna  and  other  commercial  fishing  accounts  for  the 
majority  of  fresh  fish  landings  in  California,  with  the 
Chesapeake  Bay  area  a  distant  second  in  commercial  fishing 
activity  (both  food  and  other  fish  landings).  Shellfish 
traffic  is  located  primarily  along  the  Upper  Atlantic 
Coast,  from  Chesapeake  Bay  north  to  Maine  (72%  of  domestic 
terminations  in  1977).  Menhaden  landings  occur  primarily 
along  the  East  Coast  of  the  United  States. 


Fabricated  metals,  machinery,  motor  vehicle  and  mis¬ 
cellaneous  manufactures  traffic  have  the  great  majority  of 
their  waterborne  flows  concentrated  in  import/export 
activity.  Fabricated  metals  waterborne  traffic  is  con¬ 
centrated  in  Hawaii  and  along  the  Southern  California 
coast.  Machinery  flows  are  primarily  imports  to  the 
United  States.  Motor  vehicles  are  generally  strong  in  the 
import  trades,  although  they  make  up  9%  of  coastwise 
waterborne  activity.  Mi  see  1 laenous  manufactures  make  up 
20%  of  internal  miscellaneous  traffic  and  43%  of  miscel¬ 
laneous  lakewise  flows.  Almost  all  the  internal  flows 
originate  in  the  lower  Mississippi  River  (New  Orleans  to 
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Gulf)  and  along  the  Gulf  Intercoastal  Waterway.  In 
general,  these  movements  have  grown  rapidly  in  recent 
years . 


Water  movements  have  been  concentrated  along  the  Gulf 
Coast  in  the  past  as  well  as  in  the  Chesapeake  Bay/New 
York  and  New  Jersey  segments.  Water  makes  up  36%  of  mis¬ 
cellaneous  internal  movements,  15%  of  interter r i tor ial 
traffic,  and  64%  of  miscellaneous  flows.  Gulf  coast  move¬ 
ments  have  tended  to  be  quite  stable  with  other  areas 
highly  variable  over  time. 


(b)  Factors 

Affecting  Modal 
Choice 


The  "other  commodities"  group  in  NWS  share  the  common 
attribute  of  having  little,  if  any,  model  competition  for 
most  of  their  movements.  Marine  shells  are  generally 
mined  in  seabead  deposits  and  must  be  moved  by  barge  to 
shore.  Fish,  shellfish  and  water  movements  to  drilling 
rigs  cannot  move  by  other  modes.  Miscellaneous  and  other 
manufactured  products  traffic  by  water  are  generally  im¬ 
ports  or  exports,  with  the  only  major  choice  being  port  of 
debarkation  or  importation  with  regard  to  water  movement. 


In  general,  NWS  did  not  deal  with  the  question  of 
relative  port  choice  for  United  States  import/export  traf¬ 
fic.  Where  significant  trends  existed  -  such  as  the 
growth  of  Los  Angeles  in  cotton  exports  -  the  forecasts 
reflected  changing  shares  by  coastal  range  in  traffic.  In 
addition,  the  strong  growth  in  manufactured  imports  via 
West  Coast  relative  to  Gulf  Coast  ports  -  especially  from 
Southeast  Asia  -  was  included  in  the  analysis.  Otherwise, 
only  a  few  changes  in  mode  or  port  choice  among  "other 
commodity"  groups  was  attempted,  primarily  due  to  a  lack 
of  specific  information  on  actual  types  of  commodity  flows 
via  water  (e.g.,  miscellaneous  as  one  category). 


(c)  Distribution 
_ System  Changes 

No  major  shifts  in  distribution  systems  are  expected 
of  the  "other  commodities"  products  during  the  forecast 
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period.  The  typical  change  will  be  increases  in  relative 
fish  landings  on  certain  coastal  areas,  the  growth  of 
water  movements  in  Chesapeake  Bay  to  serve  Baltimore  Can¬ 
yon  oil  and  gas  exploration  sites,  and  the  increase  in 
manufactured  imports  via  the  West  Coast.  Since  most  of 
the  "other  commodity"  flows  by  water  are  closely  linked  to 
their  existing  mode  because  of  the  nature  of  the  movement 
and  product,  little  risk  is  associated  with  assuming 
fairly  constant  model  shares  in  the  future. 


WATERBORNE  DEMAND  PROJECTIONS 

Translating  national  production  and/or  consumption 
forecasts  of  NWS  "other"  commodities  into  waterborne 
demand  projections  consisted  of  expanding  1977  waterway 
traffic  levels  of  these  commodities  by  segment  origin  - 
destination  using  indices  of  growth  developed  from  indus¬ 
try  and  macroeconomic  forecasts.  Usually,  model  shares 
were  held  constant  at  the  1977  levels  during  the  forecast 
period.  In  certain  cases,  where  previous  studies  had 
revealed  a  possible  model  change  or  information  from  dis¬ 
trict  offices  was  available,  shifts  were  introduced. 


Once  the  forecasting  was  complete  at  the  analysis  seg¬ 
ment  level,  waterborne  commodity  flows  were  aggregated  to 
reporting  segment  and  commodities  (see  Appendix  A  for 
regional  and  commodity  definitions).  After  the  basic 
expansion  and  aggregation  of  the  1977  waterborne  flows  by 
miscellaneous  commodity  groups  was  completed  for  each  of 
the  three  NWS  macro  economic  scenarios,  any  additional  or 
new  flows  were  edited  into  the  forecast  data  base. 


(a)  Summ  .ry 

Domestic  waterborne  traffic  flows  of  "other  commodi¬ 
ties"  are  expected  to  grow  at  a  substantially  lower  rate 
than  foreign  trade  in  these  commodities  over  the  forecast 
period,  according  to  Tables  XV-2  and  XV-5.  Domestic  traf¬ 
fic,  led  basically  by  manufactured  products,  is  likely  to 
increase  oy  just  under  2%  per  year  from  1977  to  2003, 
while  imports  of  "other  commodities"  (led  by  mi  seel laneous 
manufactures)  are  forecast  to  grow  3.8?  per  year  and  ex¬ 
ports  by  5.7%. 
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For  domestic  trades,  coastwise  movements  of  manu¬ 
facturers  -  closely  related  to  foreign  trade  activity  - 
experience  the  strongest  growth.  All  three  coasts  - 
Atlantic,  Pacific,  and  Gulf  -  have  similar  growth  rates 
over  the  forecast  period.  In  foreign  trade,  the  major 
tonnage  growth  is  expected  in  the  Middle  Atlantic  and 
California  Coasts  for  "other  commodity"  waterborne  traffi 


Miscellaneous  manufactured  commodity  movements  along 
the  Gulf  Coast  West  cause  the  largest  increase  in  total 
waterborne  traffic  activity  by  segment  over  the  next 
twenty-five  years,  according  to  Table  XV-3 .  Total  "other 
commodity"  flows  (including  water,  miscellaneous  commodi¬ 
ties  and  others)  on  the  Gulf  Coast  West  grows  from  12.2 
million  tons  in  1977  to  18.5  million  in  2003  under  the 
Trendlong  scenario.  Other  waterways  segments  traffic  in 
"other  commodities"  experience  fairly  slow  (less  than  1% 
growth)  per  year  in  the  forecast  period. 


Domestic  ton-mile  estimates  for  "other  commodi¬ 
ties,"  presented  in  Table  XV-4,  contain  similar  growth 
patterns  for  traffic  loadings  in  Table  XV-3.  Overall, 
total  ton-mile  growth  will  be  just  over  one-half  of  one 
percent  per  year  through  2003. 


As  mentioned  earlier,  alternative  macroeconomic 
scenarios  do  not  substantially  alter  "other  commodity" 
waterborne  demand  projections  in  the  forecast  period. 
Appendix  B  contains  "other  commodity"  waterborne  demand 
projections  tables  for  the  Badenergy  and  Largergovt 
macroeconomic  scenarios. 


(b)  Major  Market  Shifts 

Growth  in  foreign  trade  activity  in  miscellaneous  man 
ufactured  products  along  the  East  and  West  Coasts  of  the 
United  States  is  the  primary  shift  occuring  in  the  "other 
commodity"  category  of  waterborne  traffic  over  the  fore¬ 
cast  period.  The  Gulf  and  Great  Lakes  will  grow  at  the 
same  rate  as  the  other  coasts,  but  start  from  a  much 
smaller  base.  Thus,  East  and  West  Coast  ports  will  grow 
relatively  to  the  other  costs  in  these  commodity  groups. 
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Coastwise  movements  along  these  costs  will  also  arise 
in  support  of  the  growth  of  foreign  trade  activity.  On  a 
relative  basis,  coastwise  domestic  traffic  in  "other  com¬ 
modities"  grows  much  faster  than  internal  or  other  traffic 
classes  through  2003. 


The  only  other  potential  market  shift  of  significance 
is  the  growth  of  water  traffic  to  oil  and  gas  drilling 
rigs  off  the  Chesapeake  Bay  areas  in  the  Baltimore  Canyon. 


As  mentioned  earlier,  due  to  the  nature  of  the  trans¬ 
portation  and  commodities  involved,  little  or  no  change  in 
model  traffic  patterns  for  "other  commodities"  group  rela¬ 
tive  to  waterborne  flows  is  expected. 


(c)  Waterborne  Flow 
_ Development _ 


Major  tonnage  growth  in  waterborne  "other  com¬ 
modities"  will  occur  in  the  foreign  and  related  coastwise 
trades  during  the  next  quarter  century.  In  particular, 
the  Atlantic  Coast  as  well  as  the  Gulf  Coast  West  experi¬ 
ence  strong  domestic  tonnage  growth.  For  "other  commodi¬ 
ties"  foreign  trade,  the  Middle  Atlantic  and  California 
Coasts  have  the  large  growth  in  import  and  export  tonnages 
through  2003  under  the  Trendlong  and  other  scenarios. 


Due  to  the  unknown  nature  of  many  of  the  commodity 
groups,  no  new  flows  were  added  to  the  data  base  for 
"other  commodity"  waterborne  demand  projections  in  the 
forecast  period. 


For  similar  reasons,  assessing  the  risks  of  any  "other 
commodity"  flows  via  water  is  quite  difficult.  In  general, 
"other  commodities"  moving  in  waterborne  carriage  are 
closely  related  to  United  States  foreign  trade  activity. 
Thus,  risks  associated  with  this  traffic  would  be  oriented 
towards  changes  in  United  States  trade  policies  and/or 
dollar  exchange  rates  over  the  next  twenty-five  years. 

These  two  areas  are  quite  difficult  to  predict  with  accu¬ 
racy  in  any  forecasting  model.  In  general,  continuation 
of  existing  trade  relations  is  assumed,  with  a  greater 
dependence  on  the  Third  World  for  United  States  trade  a 
key  growth  factor  in  the  next  twenty-five  years. 
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Table  XV-2 


XVI 


WATERBORNE  TRAFFIC  SUMMARY 


HISTORICAL  TRAFFIC 
PATTERNS 


Overall,  domestic  waterborne  traffic  in  all  commodi¬ 
ties  has  grown  by  an  average  of  0.5%  per  year  from  1969  to 
1977,  according  to  Table  XVI-1.  Primary  tonnage  growth 
during  this  period  was  concentrated  on  the  mainstem  of  the 
Mississippi  River,  with  Upper  Mississippi  and  Illinois 
shipments  of  grain-related  export  products  the  major  fac¬ 
tor  behind  the  7.2%  average  annual  growth  in  Baton  Rouge 
to  Gulf  receipts.  Other  growth  areas  included  the 
Columbia-Snake/Wi 1 lamette  River,  with  total  traffic  up 
over  5%  per  year  from  1969  to  1977,  Gulf  Coast  East  petro¬ 
leum  and  chemical-related  shipment  growth  of  5.1%  per 
year.  South  Atlantic  domestic  movements  up  over  5%  per 
year  in  total,  and  Domestic  Caribbean  traffic  shipments  up 
17%  per  year.  The  Missouri  River,  Tennessee  River,  Middle 
Atlantic  Coast,  Washington/Oregon  Coast  and  the  Great 
Lakes/St.  Lawrence  Seaway  had  slight  declines  in  traffic 
over  the  1969  to  1977  period.  The  Great  Lakes  traffic 
fell  sharply  in  1977  due  to  a  strike  in  iron  ore  mining 
i ndustry . 


Waterborne  foreign  trade  activity  in  the  1969  to  1977 
period  was  heavily  weighted  towards  import  growth,  accord¬ 
ing  to  Table  XVI-2.  With  increases  in  petroleum  imports 
the  major  contributing  factor,  total  United  States  water¬ 
borne  imports  grew  at  a  compound  annual  rate  of  7.7%  over 
the  period.  The  Gulf  Coast  was  the  major  recipient  of  the 
oil  imports,  with  Gulf  Coast  West  foreign  traffic  up  an 
average  of  28.2%  per  year  from  1969  to  1977.  The  Baton 
Rouge  to  Gulf  Waterway  segment  grew  at  a  similar  rate  to 
the  Gulf  Coast  West,  but  due  to  grain-related  exports  as 
well  as  oil  imports.  Total  foreign  trade  traffic  from 
Baton  Rouge  to  the  Gulf  increased  from  just  over  41  mil¬ 
lion  tons  in  1969  to  157  million  tons  in  1977.  Petroleum 
imports  also  contributed  to  the  foreign  trade  traffic 
growth  along  the  Washington/Oregon  Coast  from  1969  to 
1977.  Export  growth  was  fairly  stagnant  along  the  East 
Coast  of  the  United  States,  with  the  exception  of  moderate 
growth  in  the  South  Atlantic  area.  Washington/Oregon 
coast  exports  rose  steadily  in  the  1969  to  1977  period, 
due  to  the  foreign  trade  in  wood  and  related  products  with 
Far  Eastern  Countries,  especially  Japan.  Although 


California  exports  fell  in  the  period,  imports  almost 
doubled,  reflecting  the  growth  of  United  States  foreign 
subsidiary  production  in  Asia  and  the  shipment  of  finished 
products  back  to  the  United  States. 


TOTAL  TRAFFIC  BY 
SEGMENT 


Tables  XVI-3  to  XVI-6  summarize  the  NWS  waterborne  de¬ 
mand  projection  for  the  Trendlong  scenario  by  reporting 
waterway  segment  through  the  year  2003  for  all  commodity 
groups  -  domestic  versus  foreign  trade.  Alternative 
macroeconomic  scenario  tables  are  found  in  Appendix  B. 


(a)  Upper 
_ Mississippi 

Total  domestic  traffic  on  the  Upper  Mississippi  River 
is  expected  to  more  than  double  in  the  1977  to  2003  peri¬ 
od,  from  31  million  to  almost  69  million  tons.  Major  con¬ 
tributors  to  the  traffic  growth  include:  farm  products, 
coal,  food  and  kindred  products  and  chemicals.  Farm  prod¬ 
ucts  -  basically  grain  destined  for  export  -  are  projected 
to  increase  to  30  million  tons  per  year  in  2003  from  11 
million  tons  in  1977,  with  a  compound  annual  rate  of  4.3% 
per  year  from  1977  to  1990  and  3.1%  per  year  through 
2003.  Total  coal  shipments  rise  from  2  million  tons  in 
1977  to  13  million  tons  in  2003,  primarily  due  to  Western 
coal  movement.  Coal  receipts  rise  to  18  million  tons  from 
7  million  tons  in  1977  as  a  result  of  increased  reliance 
on  coal  by  Upper  Mississippi  utilities. 


Food  and  kindred  products  -  mainly  exports  of  vegeta¬ 
ble  oils  -  increase  from  1  million  tons  in  1977  to  3  mil¬ 
lion  by  2003.  Chemical  receipts  in  the  region  grow  from  2 
to  5  million  tons  in  the  forecast  period.  In  total.  Upper 
Mississippi  River  shipments  increase  4.6%  from  1977  to 
1990,  slowing  to  2.8%  through  2003.  Traffic  receipts  grow 
3.1%  in  the  1977  to  1990  period,  and  1.6%  to  the  year  2003. 


Table  XVI-I 


commodity  -4ii  roMMnnuifS 
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Table  XV I  -6 
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(b)  Lower  Upper 
Mississi ppi 


Total  waterborne  shipments  in  the  Lower  Upper  Missis¬ 
sippi  River  increase  from  23  million  to  almost  50  million 
tons  from  1977  to  2003,  a  compound  annual  rate  of  just  un¬ 
der  3.0%.  Receipts  of  waterborne  commodities  grow  by  over 
4.3%  per  year,  increasing  to  29  million  tons  by  2003. 

Farm  products,  coal,  food  products  and  chemicals  are  again 
the  major  factors  behind  the  growth.  Farm  product  ship¬ 
ments  double  to  6  million  tons  over  the  forecast  period. 
Coal  shipments  rise  from  7  to  25  million  tons,  reflecting 
the  growth  of  intermodal  coal  terminals.  Receipts  of  wa¬ 
terborne  coal  are  also  up  substantially,  growing  from  2  to 
20  million  tons,  as  utilities  burning  coal  come  on-line  in 
the  region.  Non-metallic  minerals  traffic  falls  off  at  a 
2.0%  rate  per  year,  due  to  reductions  in  sand  and  gravel 
traffic.  Chemical  traffic  on  this  section  of  the  river 
doubles  to  3  million  tons,  while  petroleum  product  move¬ 
ments  are  flat  through  2003. 


(c)  Lower 

_ Mississippi 

The  Lower  Mississippi  River  waterborne  domestic  traf¬ 
fic  shipped  increases  from  11  million  tons  in  1977  to  21 
million  by  2003  while  traffic  receipts  of  all  commodities 
grows  from  25  million  tons  to  33  million.  As  before,  farm 
and  food  products,  coal  and  chemicals  are  the  major  areas 
of  traffic  growth.  Farm  product  shipped  -  primarily  soy¬ 
beans  -  is  forecast  to  grow  from  4  million  to  10  million 
tons  in  the  forecast  period.  Coal  receipts  are  expected 
to  jump  from  4  million  to  9  million  tons  as  southern  elec¬ 
tric  utilities  convert  from  oil  and  gas  to  coal.  Chemical 
traffic  doubles  to  3.8  million  tons,  while  petroleum  move¬ 
ments  increase  2  million  tons  up  from  10  million  in  1977. 
Cement  traffic  doubles  to  2  million  tons  in  2003  as  down- 
bound  cement  traffic  grows  in  line  with  construction 
activity  in  the  region.  Other  commodity  traffic  is  basi¬ 
cally  flat  over  the  forecast  period.  The  Lower  Missis¬ 
sippi  River  (above  Baton  Rouge,  Louisiana)  has  no  current 
import/export  traffic  movements. 
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(d)  Baton  Rouge  to 
Gulf 


The  Baton  Rouge  to  Gulf  waterway  segment  serves  as  the 
primary  interface  between  the  inland  river  system,  Gulf 
Coastal  waterway  and  United  States  foreign  trade  activ¬ 
ity.  Total  domestic  shipments  of  all  commodities  from 
this  segment  will  increase  from  84  to  116  million  tons 
over  the  1977  to  2003  period,  for  an  annual  average  in¬ 
crease  of  1.3%.  Traffic  receipts  grow  rapidly,  up  from  99 
million  tons  to  over  223  million  tons  in  2003.  Farm  prod¬ 
ucts,  coal,  fertilizers,  food  products,  chemicals,  and 
petroleum  products  all  contribute  to  the  growth  in  segment 
terminations.  For  example,  farm  product  receipts  jump 
from  38  to  96  million  tons,  up  3.2%  per  year  from  1977  to 
2003.  Coal  traffic  for  export  increases  to  39  million 
tons  in  2003,  up  from  3  million  in  1977.  Crude  petroleum 
and  petroleum  product  receipts  increase  over  20  million 
tons  during  the  forecast  period.  Foreign  traffic  growth 
is  also  substantial,  with  exports  up  over  3.0%  per  year  to 
2003  and  imports  increasing  2.0%  per  year.  For  exports, 
farm  products,  food  products,  coal  and  chemicals  lead  the 
list.  Metallic  ores,  crude  oil,  food  products,  primary 
metals  and  chemicals  are  major  :mport  growth  sectors  in 
the  forecast  period. 


(e)  Illinois  River 


The  Illinois  River  (including  the  Port  of  Chicago) 
domestic  waterborne  traffic  growth  will  be  about  equally 
balanced  in  shipments  and  receipts  over  the  forecast  peri¬ 
od.  Total  domestic  traffic  is  expected  to  increase,  on 
average,  2.2%  per  year  from  1977  to  2003,  reflecting 
growth  in  farm  product  exports,  metallic  ores  traffic, 
coal  and  chemicals.  Exports  via  Chicago  of  farm  products 
are  expected  to  jump  by  5  million  tons  to  6  million  tons 
in  2003.  Imports,  especially  metallic  ores,  show  some 
growth  over  the  period. 


(f)  Missouri  River 


Missouri  River  domestic  traffic,  concentrated  in  farm 
and  food  products  as  well  as  non-metallic  minerals,  is 
expected  to  increase  by  0.5%  per  year  (shipments)  to  year 
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2003.  Receipts  are  likely  to  fall  by  0.6%  per  year  in  the 
forecast  period  due  to  a  decline  in  non-metallic  minerals 
traffic.  Farm  product  movements  to  export  show  the 
largest  increase  -  1  million  tons  -  of  any  commodity  group 
in  the  forecast  years. 


(g)  Ohio  River 

Domestic  waterborne  shipments  on  the  Ohio  River  in¬ 
crease  from  140  million  tons  to  285  million  tons  by  2003, 
2.7%  per  year.  Coal  traffic  is  by  far  the  major  growth 
area,  with  total  shipments  up  3.5%  per  year  from  98  mil¬ 
lion  to  236  million  tons.  Coal  receipts  increase  at  2.5% 
per  year  from  83  to  157  million  tons.  Chemical  traffic  on 
the  Ohio  grows  at  a  4.0%  rate,  increasing  from  9  million 
to  26  million  tons  in  2003,  chiefly  due  to  the  location  of 
coal-fired  petrochemical  plants  on  the  river.  Both  stone, 
clay  and  glass  as  well  as  primary  metals  product  water¬ 
borne  flows  increase  by  2  million  tons  -  2.0%  per  year  - 
over  the  forecast  period. 


(h)  Tennessee  River 

Coal  traffic  growth  provides  the  major  increases  in 
domestic  waterborne  flows  on  the  Tennessee  River  from  1977 
to  2003.  Total  coal  shipments  are  up  10  million  tons  to 
14  million  with  average  annual  growth  of  2.5%  from  1977  to 
1990  and  7.4%  per  year  from  1990  to  2003.  Coal  receipts 
on  the  Tennessee  River  grow  by  7  million  tons,  up  over 
3.0%  per  year  to  2003.  Other  product  groups  experiencing 
mild  increases  in  traffic  to  2003  include:  metallic  ores, 
up  200,000  tons;  food  products,  up  700,000  tons;  chemi¬ 
cals,  up  3  million  tons,  and  petroleum  products,  increas¬ 
ing  by  1  million  tons.  Non-metallic  minerals  fall  2 
million  tons  over  the  forecast  period,  due  to  lower  sand 
and  gravel  movements. 


(i)  Arkansas  River 


Total  domestic  traffic  movements  on  the  Arkansas  River 
continue  to  grow  in-line  with  overall  waterways  traffic  in 
the  forecast  period  at  2.4%  per  year.  Total  traffic  in¬ 
creases  from  9.4  million  in  1977  to  17.6  million  tons  in 
2003.  Coal  shipments,  up  over  7  million  tons  from  1977  to 
2003  is  the  primary  growth  commodity.  Other  products  ex¬ 
periencing  some  growth  include  farm  products  and  metallic 
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ores.  Non-metallic  minerals  traffic  drops  by  2.5  million 
tons  to  3.5  million  over  the  forecast  period,  due  to 
competition  from  landside  sand  and  gravel  quarries. 

(j)  Gulf  Coast  West 

Gulf  Coast  West  domestic  traffic  (total)  increases 
from  169  million  tons  to  over  231  million  tons  by  2003,  a 
compound  annual  rate  of  1.3%.  Coal,  crude  oil,  non- 
metallic  minerals  (fertilizers),  chemicals,  and  other 
(miscellaneous  manufacturers)  are  the  major  domestic 
growth  commodities  through  2003,  with  coal  receipts  up  10 
million  tons,  chemicals  up  over  20  million  tons,  crude  oil 
traffic  increasing  15  million  tons,  and  petroleum  products 
growing  9  million  tons.  Exports,  consisting  of  farm  prod¬ 
ucts,  are  expected  to  grow  by  almost  30  million  tons  be¬ 
tween  1977  and  2003.  Import  growth  to  the  Gulf  Coast  West 
of  1.9%  per  year  in  the  forecast  period  is  primarily  due 
to  crude  oil  imports. 


(k)  Gulf  Coast  East 


Domestic  waterborne  traffic  along  the  Gulf  Coast  East 
is  expected  to  grow  at  2.3%  per  year  from  1977  to  2003, 
with  total  tons  increasing  from  69  million  to  almost  126 
million.  Coal,  fertilizers,  and  chemical  flows  are  the 
primary  growth,  commodi t ies ,  with  coal  receipts  up  32  mil¬ 
lion  tons  between  1977  to  2003,  fertilizer  shipments  up  10 
million  tons,  and  chemicals  increasing  1  million  tons. 
Petroleum  products  traffic  is  basically  flat  over  the 
forecast  period.  The  major  change  on  this  segment  is  the 
decrease  in  fertilizer  exports  from  12  to  3  million  tons 
over  the  forecast  period,  with  imports  increasing  2  mil¬ 
lion  tons  to  5  million  by  the  year  2003. 


( 1 )  Warrior  River 
_ System _ 

Warrior  River  System  domestic  waterborne  traffic 
almost  doubles  to  about  59  million  tons  from  1977  to  2003, 
an  average  annual  increase  of  2.6%.  Foreign  trade  growth, 
evenly  split  between  imports  and  exports,  averages 
slightly  better  than  3.5%  per  year  to  2003.  Metallic  ores 
(up  4.3%  per  year)  and  coal  (up  3.5%  per  year)  account  for 


305 


the  majority  of  domestic  and  foreign  growth.  Coal  exports 
increase  by  over  6  million  tons  in  the  forecast  period 
while  metallic  ore  imports  grow  by  11  million  tons  to  17 
million  by  the  year  2003.  Farm  products  (mainly  exports), 
crude  oil  and  chemical  traffic  also  show  increases  of 
nearly  2%  per  year  in  the  forecast  years. 


(m)  South  Atlantic 
_ Coast _ 

Waterborne  traffic  growth  along  the  South  Atlantic 
coast  is  generally  concentrated  in  foreign  trade,  although 
coastwise  metallic  ores  increase  1  million  tons,  and  chem¬ 
icals  2  million  tons  by  the  year  2003.  Farm  products, 
lumber  and  wood,  pulp  and  paper  and  miscellaneous  manu¬ 
factures  lead  the  list  of  export  commodity  growth.  Ore 
and  food  product  imports  increases  just  about  balance 
declines  in  petroleum  product  imports  of  3  million  tons 
during  the  forecast  period.  Overall,  domestic  waterborne 
shipments  from  the  South  Atlantic  Coast  are  flat  to  2003, 
while  received  traffic  increases  about  5  million  tons, 
^otal  exports  almost  double  over  the  period  to  16  million 
tons,  while  imports  remain  flat,  due  to  declining  petro¬ 
leum  in  flows. 


(n)  Middle  AtLantic 

_ Coast _ 

Substantial  declines  in  coastwise  and  imported  petro¬ 
leum  waterborne  flows  along  the  Middle  Atlantic  Coast 
result  in  slow  growth  in  domestic  and  import  traffic  from 
1977  to  2003.  Domestic  shipments  grow  by  an  average  .6% 
per  year  to  2003,  imports  increase  at  the  same  rate,  while 
exports  grow  an  average  of  2.4%  per  year.  Export  growth 
is  strong  in  coal  (up  17  million  tons  to  49  million), 
manufactured  products  (up  11  million  to  14  million)  and 
farm  products  (increasing  from  13  million  to  30  million 
tons  -  3.2%  per  year).  Crude  oil  imports  are  also  up  20 
million  tons,  about  1.0%  per  year  to  2003.  Metallic  ores 
(up  6  million  tons  to  20  million),  non-metallic  minerals 
(up  3  million  tons),  food  products  (up  8  million  to  14 
million),  and  other  manufactures  (up  2  million  tons)  lead 
the  imports.  Coastwise  trade  in  chemicals  grows  by  3.0% 
per  year  to  over  12  million  tons  by  2003,  while  coal  move¬ 
ments  to  water-served  utilities  along  the  East  Coast  jump 
from  5  million  tons  to  40  million  over  the  forecast  period. 


(o)  North  Atlantic 
Coast 


Total  coastwise  waterborne  movements  along  the  North 
Atlantic  Coast  are  expected  to  show  little  growth  in  the 
forecast  period.  Total  receipts  of  domestic  tonnage  are 
up  about  3  million  tons  to  53  million  by  2003,  due  prima¬ 
rily  to  chemical,  coal  and  fresh  fish  traffic  growth. 
Export  trade  increases  about  1  million  tons  over  the  pe¬ 
riod,  and  is  divided  across  a  number  of  commodity  groups. 
Imports,  led  by  crude  oil,  food  products,  primary  metals, 
and  other  commodities  grow  by  11  million  tons  to  45  mil¬ 
lion  in  2003,  up  about  1.1%  on  average  per  year. 


(p)  Great  Lakes  and 

_ Seaway _ 

Both  domestic  and  foreign  traffic  growth  potentials 
for  the  Great  Lakes  and  St.  Lawrence  Seaway  are  some  of 
the  highest  for  any  United  States  waterway  segments  in  the 
study.  Domestic  traffic  growth,  led  by  metallic  ores  (in¬ 
creasing  from  a  strike-depressed  45  million  tons  in  1977 
to  120  million  in  2003),  coal  (up  17  million  tons  to  37 
million),  non-metallic  minerals  (up  30  million  tons  to  66 
million),  and  cement  (up  almost  3  million  tons  to  6.2  mil¬ 
lion),  is  expected  to  increase  3.8%  from  1977  to  1990  and 
2.2%  through  2003.  Foreign  trade  activity,  paced  by  farm 
products  exports  (up  14  million  tons  to  24  million), 
metallic  ore  imports  (up  12  million  tons  to  30  million), 
coal  exports  to  Canada  (up  20  million  tons  to  37  million), 
and  primary  metals  imports  (up  2.9  million)  has  a  compound 
annual  growth  rate  over  2.2%  from  1977  to  2003. 


(q)  Washington/Oregon 
Coast 


The  major  shift  in  waterborne  domestic  traffic  along 
the  Washington/Oregon  coast  is  the  coastwise  Alaskan  crude 
oil  flows  to  the  proposed  Northern  Tier  Pipeline.  These 
movements  are  expected  to  increase  total  receipts  of 
petroleum  by  ten-fold  to  46  million  tons  by  2003.  Other 
major  changes  are  a  ten-fold  increase  in  farm  product 
exports  to  10.2  million  tons  over  the  period,  a  decline  of 
lumber  and  wood  exports  by  5  million  tons  to  8  million  by 
2003,  and  a  growth  in  manufactured  product  imports  of  5 
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million  tons,  or  5.4%  per  year.  Overall,  exports  grow  by 
about  6  million  tons  to  24  million  by  2003,  while  imports 
jump  to  4.6  million  tons  from  2.0  million  in  1977,  a  com¬ 
pound  annual  increase  of  3.4%  per  year  to  2003.  Domestic 
traffic,  net  of  crude  oil  flows  grows  about  .7%  per  year 
from  1977  to  2003. 


(r)  Co lumbia-Snake/ 

Wi 1 lamette 

_ River _ 

Rapid  growth  in  farm  product  exports  (up  7.5  million 
tons  to  14  million  by  2003)  is  partially  offset  up  a  2 
million  ton  drop  in  lumber  and  wood  exports  for  the 
Columbia-Snake  Waterway.  Overall,  total  domestic  move¬ 
ments  are  expected  to  increase  by  1.6%  per  year  to  1990 
and  0.4%  per  year  through  2003.  Export  growth  will  be 
about  5  million  tons  over  the  period,  with  imports  almost 
doubling  to  7.5  million  tons  (primarily  chemicals  and 
manufactured  products).  Domestic  waterborne  movements  of 
wood  and  lumber  products  are  expected  to  reach  12.7  mil¬ 
lion  tons  by  2003,  up  1.8%  per  year  to  1990,  but  only  .3% 
per  year  through  2003.  Internal  farm  product  movements 
more  than  double  during  the  forecast  period. 


(s)  California 

_  Coast _ 

The  transloading  of  Alaskan  crude  oil  for  shipment  to 
the  Gulf  Coast  via  the  Panama  Canal  plus  the  use  of 
Alaskan  crude  at  West  Coast  refineries  results  in  a  jump 
in  domestic  crude  oil  flows  to  56  million  tons  from  22 
million  and  a  fall  of  30  million  tons  in  crude  imports  to 
12  million  at  California  ports  during  the  forecast  peri¬ 
od.  In  addition,  farm  product  exports  jump  from  3.2  mil¬ 
lion  tons  to  11.5  million  tons,  and  food  product  exports 
double  as  do  waste  and  scrap  exports  (to  4  million  tons). 
Imports  of  miscellaneous  manufactures  also  experience  a 
high  growth  rate  of  5.4%  per  year,  raising  tonnage  from  4 
million  to  16  million  over  the  forecast  period.  Overall, 
California  Coast  domestic  shipments  increase  only  slightly 
(4  million  tons)  while  receipts  are  up  sharply  due  to 
Alaskan  crude  flows.  Export  traffic  almost  doubles  to  28 
million  tons  as  imports  fall  off  initially  due  to  the  oil 
shift  to  domestic  sources. 
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( t )  A1 aska 


In  comparison  to  the  increase  in  domestic  crude  oil 
shipments  from  15  million  tons  to  96  million  tons  over  the 
forecast  period,  other  traffic  changes  are  quite  small. 
Domestic  flow  increases  are  led  by  food  products  (up 
200,000  tons),  lumber  (up  1  million  tons),  chemicals 
(increases  of  200,000  tons  expected),  and  other  manu¬ 
factured  products  (up  2  million  tons  to  3  million).  Due 
to  de t e r ior ia t i ng  conditions  in  the  world  lumber  markets, 
Alaskan  foreign  trade  actually  declines  during  the  fore¬ 
cast  period  by  2  million  tons.  Imports  are  basically  con¬ 
stant  over  the  1977  to  2003  period. 


(u)  Hawaii  and  Pacific 
Terr itor ies 


Inter-t er r i tor i a  1  movements  between  the  United  States 
mainland  and  Hawa i i /Pac i f i c  Territories  are  expected  to 
almost  double  for  both  shipments  and  receipts  over  the 
forecast  period.  Led  by  other  manufactured  products,  food 
and  kindred  products  and  cement  traffic,  domestic  trades 
increase  at  about  2.6%  per  year  to  1990  and  2.1%  per  year 
through  2003.  Due  to  declines  in  petroleum  consumption, 
the  major  component  of  Hawaii/Pacific  Territories  foreign 
trade,  imports  decline  about  1  million  tons  to  4.9  million 
per  year  in  2003. 


(v)  Domestic 
Carr ibean 


As  in  the  case  of  Alaska,  Domestic  Caribbean  water¬ 
borne  traffic  is  dominated  by  crude  oil  and  petroleum 
product  movements  to  and  from  Virgin  Island  refineries. 
Total  crude  oil  imports  to  the  Caribbean  are  expected  to 
grow  by  13  million  tons  over  the  forecast  period  to  55 
million.  An  additional  10  million  tons  of  petroleum  prod¬ 
ucts  will  be  shipped  to  the  United  States  mainland  over 
the  1977  to  2003  period.  Other  areas  of  waterborne  traf¬ 
fic  increase  include:  farm  products  (up  500,000  tons  to 
1.2  million),  food  product  domestic  and  import  flows  (up 
1.2  million  tons),  chemical  shipments  to  the  United  States 
(up  almost  4  million  tons),  and  other  manufactured  product 
flows  (up  over  2  million  tons  to  3.3  million).  Overall, 
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domes  t  i  c 
1990  and 
activity 
per  year 


traffic  via  water  grows  about  1.5%  per  year  to 
1.4%  per  year  through  2003.  Foreign  trade 
in  the  Domestic  Carribbean  increases  about  1.5% 
to  1990,  slowing  to  .7%  per  year  to  2003. 
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XVII 


CONCLUSIONS 


Domestic  waterborne  traffic  demand  is  projected  to 
grow  from  976  million  tons  in  1977  to  1,326  million  tons 
in  1990  (2.4%  per  year)  and  to  1,626  million  tons  in  2003 
(1.6%  per  year).  This  compares  with  relative  flatness 
through  the  1970s,  with  tonnages  fluctuating  between  935 
million  and  1,005  million  tons  between  1969  and  1977.  Of 
the  650  million  ton  increase  in  domestic  waterborne  trans¬ 
portation  demand  over  the  forecast  period,  262.6  million 
tons  (40.4%)  are  represented  by  coal,  which  is  expected  to 
grow  at  4.5%  per  year  between  1977  and  1990,  and  3.2%  per 
year  from  1990  to  2003.  Over  the  period,  coal  increases 
its  share  of  total  domestic  waterborne  traffic  demand  from 
16%  in  1977  to  26%  in  2003.  This  rapid  waterborne  demand 
growth  is  fueled  by  a  growing  share  for  coal-fired  utili¬ 
ties  throughout  the  forecast  period  as  well  as  the  devel¬ 
opment  of  coal-based  synfuels  capacity  on  the  waterways. 
Other  commodities  which  contribute  to  the  strength  of  do¬ 
mestic  waterway  demands  between  1977  and  2003  include  farm 
products  (from  49.4  to  105.5  million  tons),  chemicals 
(46.1  to  105.9  million  tons),  metallic  ores  (52.4  to  137.4 
million  tons),  food  and  kindred  products  (15.6  to  30.0 
million  tons),  and  primary  metals  (9.1  to  13.9  million 
tons )  . 


Domestic  waterborne  transportation  demand  in  farm  and 
food  products  is  heavily  dominated  by  barge  movements  to 
Lower  Mississippi  and  Columbia  River  export  ports.  The 
rapid  growth  in  barge  transportation  of  the  commodities  is 
dependent  on  3%-4%  growth  in  grain  exports  and  maintenance 
of  1979-1980  shares  of  barge-to-Gul f  export  distribution. 
Grain  production  shortfalls  or  congestion  at  upriver  locks 
or  Gulf  ports  could  lead  to  disappointment  of  both  the 
export  and  domestic  projections. 


The  130%  increase  in  chemicals  traffic  between  1977 
and  2003  reflects  growth  in  both  industrial  and  agricul¬ 
tural  chemicals,  with  the  more  rapid  industrial  chemicals 
growth  spurred  by  continued  location  of  large  scale  chem¬ 
ical  plants  at  water-served  sites  in  the  Gulf  area,  and 
development  of  coal-based  plants  on  the  Lower  Mississippi 
and  Ohio  Rivers  in  the  last  half  of  the  forecast  period. 


The  162%  increase  in  domestic  waterborne  metallic  ores 
demand  is  exaggerated  by  the  strike-depressed  Great  Lakes 
movements  in  the  base  year  of  1977.  The  75%  increase  in 
domestic  waterborne  metallic  ores  demand  between  1980  and 
2003  reflects  a  reasonable  recovery  of  the  United  States 
steel  industry  (raw  steel  production  up  65.5%  between  1977 
and  2003)  and  development  of  substantial  direct  reduction 
capability  in  the  last  half  of  the  forecast  period  in  re¬ 
sponse  to  iron  and  steel  scrap  shortages. 


Domestic  waterborne  traffic  demand  is  slowed  by  flat 
or  declining  demand  for  the  waterborne  transportation  of 
petroleum  products  (364.4  million  tons  in  1977  to  366.1 
million  tons  in  2003),  non-metallic  minerals  (115.0  to 
140.3  million  tons)  waste  and  scrap  (14.3  to  13.9  million 
tons),  and  lumber  and  wood  products  (23.2  million  tons  to 
29.9  million  tons). 


The  relatively  rapid  growth  in  the  demand  for  domestic 
waterborne  transportation  results  from  growth  in  water- 
served  regional  industries  and  not  from  acquisition  of 
market  shares  from  other  modes.  Thus,  the  market  share  of 
barge  coal  actually  declines  slightly  over  the  forecast 
period  in  spite  of  East  Coast  utility  conversions  from  oil 
to  coal  boilers  and  riverfront  synfuels  development. 
Similarily,  railroads  maintain  strong  1979  market  shares 
in  grain  export  markets,  including  a  10%  market  share  for 
Pacific  Coast  rail-delivered  feed  grain  exports.  Land 
modes  actually  increase  market  share  in  several  commodity 
groups.  For  example,  rail  and  truck  increase  market 
shares  of  non-metallic  minerals  due  to  shifts  toward  land- 
based  quarrying  of  sand  and  gravel  and  recovered  as 
opposed  to  Frasch  sulfur. 


Waterborne  foreign  trade  demand  also  grows  steadily 
over  the  forecast  period,  with  exports  growing  2.9%  from 
1977  to  1990  and  2.0%  thereafter,  and  imports  growing  at 
1.2%  and  1.5%,  in  the  two  periods  respectively.  Leaders 
in  export  growth  are  farm  products,  which  increase  from 
104  million  tons  in  1977  to  255  million  tons  in  2003,  coal 
(53.9  million  tons  to  107.4  million  tons),  and  miscella¬ 
neous  commodities,  which  grow  by  5.7%  per  year  reflecting 
strength  in  United  States  exports  of  manufactured  com¬ 
modities  and  fish.  Import  traffic  growth  is  led  by  crude 
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petroleum,  which  increases  by  155  million  tons  (405  to  560 
million  tons),  metallic  ores,  which  grow  from  59.6  to 
101.8,  primary  metals  (22.4  million  to  40  million  tons), 
and  miscellaneous  manufactures  (13.8  to  36.4  million 
tons).  The  risks  to  these  foreign  trade  projections  are 
in  either  direction,  depending  on  the  commodity.  For 
example,  the  strong  grain  export  growth  depends  on  the 
ability  of  the  farm  sector  to  increase  corn  production  by 
almost  50%  over  the  1977-2003  period,  based  mostly  on 
increases  in  yield  per  acre.  Similarily,  there  is  a 
downside  risk  in  petroleum  imports  if  OPEC  price  policy  is 
even  more  severe  than  projected  and/or  if  United  States 
fuel  conservation  and  substitution  measures  are  even  more 
effective  than  forecast.  On  the  other  hand,  increased 
coal  substitution  abroad  could  draw  even  harder  on  United 
States  sources,  and  United  States  phosphate  rock  capabili¬ 
ties  could  prove  more  economic  than  represented  in  the  NWS 
projections  described  herein.  In  order  to  address  these 
and  other  potentialities,  alternative  projections  have 
been  developed  for  inclusion  in  the  ten  NWS  scenarios. 
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GLOSSARY  OF  TERMS 


AISI :  American  Iron  and  Steel  Institute. 

AIWW:  Atlantic  Intracoastal  Waterway. 

Badenergy2003A:  A  Macroeconomic  forecast  that  estimates 

higher  crude  oil  prices  during  the  forecast  period. 
From  1981  to  2003,  the  price  of  imported  oil  is 
assumed  to  rise  at  a  rate  of  1.5  percentage  points 
faster  per  year,  so  that  imported  oil  prices  are  36.3% 
above  the  Trendlong  scenario  by  2003. 

Baseline;  Refers  to  the  Trendlong2003A  scenario. 

CCPWC ;  Commodity  Code  for  Domestic  Waterborne  Commerce  - 
four  digit  number  used  by  the  Army  Corps  of  Engineer 
Waterborne  Commerce  Statistics  Center  to  identify 
specific  commodities  for  reporting  purposes. 

Previously  known  as  CCCS  codes. 

Analysis  Commodity:  Forty-eight  commodity  groups 

defined  as  aggregates  of  the  CCDWC  codes  for  NWS 
reporting  purposes. 

Reporting  Commodity:  Fourteen  commodity  groups 
defined  as  aggregates  of  the  48  analysis 
commodities  for  NWS  reporting  purposes. 

Compound  Annual  Growth:  Calculates  the  growth  rate  over  a 
period  of  time,  including  the  effects  of  increases  or 
decreases  in  the  time  series  on  a  year-by-year  basis 
that  accounts  for  multiplicative  impacts  on  overall 
period  growth. 

COE :  Army  Corps  of  Engineers. 

Demand  Projections:  Forecast  of  future  industry  or  trans¬ 
portation  activity. 

Econometric:  The  analysis  of  historical  relationships 

between  a  time  series  and  a  set  of  explanatory 
variables,  including  the  use  of  estimated 
relationships  to  forecast  future  values  of  the  time 
series. 

GIWW:  Gulf  Intracoastal  Waterway. 
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Industrial  Production  Index:  A  measure  of  the  value-added 
by  an  industry  sector  to  the  commodities  it 
processes.  The  index  measures  growth  in  the  industry, 
relative  to  other  sectors. 

Liargergovt2003A:  A  Macroeconomic  forecast  that  postu¬ 

lates  a  significantly  larger  government  share  in  total 
economic  activity.  Total  government  spending  rises 
from  32.3%  or  GNP  in  1981  to  36.2%  in  2003,  compared 
to  a  constant  share  in  the  Trendlong  scenario. 

LOOP:  A  deep  draft  oil  transfer  facility  in  the  Gulf  of 

Mexico. 

Macroeconomic  Scenario;  A  collection  of  judgements  about 
the  future  of  the  United  States  economy  that  are  used 
to  develop  a  forecast  of  future  economic  activity. 
Typical  judgments  include  the  role  of  the  government 
in  the  economy  and  energy  prices. 

Market  Share:  The  percentage  of  a  defined  economic  market 
attributable  to  a  firm.  For  example,  waterways  have  a 
market  share  of  total  coal  shipments  in  the  United 
States . 

NWS:  National  Waterway  Study. 

Price  Deflation:  Adjusting  a  current  dollar  measure  to 
produce  a  constant  dollar  measure  is  accomplished 
using  a  series  of  how  prices  of  the  measure  have 
changed  over  time  (the  price  deflator). 

Real  Wages:  Wage  measures  corrected  for  general  inflation 
over  time.  Measures  changes  in  total  hours  worked  or 
how  energy  prices  relate  to  general  price  changes. 

Segment :  A  stretch  of  inland  or  coastal  waterway  including 

all  contiguous  ports  and  facilities.  Can  refer  to 
bordering  banks  and  shores  as  well  as  component 
waterway  projects  and  channels. 

Analysis  Segments:  Sixty-one  segments  defined  for 
National  Waterway  Study  to  encompass  all 
commercial  ports  and  waterways  for  analysis 
purposes  (Appendix  A). 

Reporting  Segments:  Twenty-one  segments  defined  as 
aggregates  of  the  analysis  segments  for  reporting 
purposes  (Appendix  A). 
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Sens i t i v i ty :  Testing  how  a  measure  changes  when  an  under¬ 
lying  explanatory  factor  shifts.  For  example, 
analyzing  the  impact  of  changing  gasoline  prices  on 
the  quantity  of  gasoline  demanded. 

Ton:  A  short  ton  (=  2000  pounds)  unless  otherwise  noted. 

Ton-Mi le :  A  statistical  measure  referring  to  the  movement 
of  one  ton  a  distance  of  one  mile.  Thus,  a  movement 
of  10  tons  for  10  miles  equals  100  ton-miles. 

Transit  Time:  Total  time  involved  in  moving  equipment 

through  a  facility.  For  example,  the  time  a  towboat 
and  barges  take  to  transit  a  lock  on  the  river  system. 

Trend  long 2 003A:  A  Macroeconomic  forecast  that  estimates 
that  the  economy  returns  to  its  balanced  growth  path 
by  the  mid-1980s,  in  the  context  of  moderating 
inflat  ion. 

Unconstrained  Traffic  De  and:  Traffic  growth  unrestricted 
by  transportation  facility  capacities. 

Variable:  A  concept  that  is  allowed  to  change  over  time, 

as  opposed  to  a  parameter  which  is  assumed  to  be 
constant  over  time. 

WCSC:  Waterborne  Commerce  Statistics  Center  -  Data 

Collection  and  publication  center  for  the  Army  Corps 
of  Engineers. 
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TRAFFIC  TERMINOLOGY: 


Inbound :  Traffic  which  terminates  on  a  given  segment, 

having  originated  on  a  different  segment. 

Outbound :  Traffic  which  originates  on  a  given  segment, 

but  terminates  on  a  different  segment. 

Through :  Traffic  which  traverses  all  or  part  of  a  given 

segment,  but  originates  and  terminates  on  other 
segments . 

Within:  Traffic  which  both  originates  and  terminates  on  a 

given  segment.  Also  occasionally  referred  to  as 
internal  or  local  traffic,  although  these  terms  have 
other  formal  meanings. 

Lakewise:  Domestic  waterborne  traffic  which  moves  between 

ports  on  the  Great  Lakes. 

Coastwise:  Domestic  waterborne  traffic  receiving  carriage 

over  the  ocean  or  the  Gulf  of  Mexico  (e.g..  New 
Orleans  to  Tampa,  Chicago  to  Boston,  or  New  York  to 
San  Francisco).  Does  not  include  traffic  within 
Chesapeake-  Bay  or  Puget  Sound. 

Internal :  Domestic  waterborne  traffic  between  ports  or 

landings  where  the  entire  movement  takes  place  on 
inland  waterways  or  on  both  inland  waterways  and  the 
Great  Lakes.  Also  includes  marine  products  taken  from 
the  ocean  beds  (sand  and  gravel,  shells,  fish),  and 
traffic  between  offshore  installations  and  inland 
waterways . 

Local :  Waterborne  movements  which  occur  wholly  within  the 

confines  of  a  given  port.  Also,  marine  products  taken 
from  the  Great  Lakes. 

Intraterri tory :  Traffic  between  ports  in  the  Virgin 
Islands  and  Puerto  Rico. 

Received :  Unloaded  from  a  barge  or  vessel  in  a  specified 

area.  Also  referred  to  as  "terminated"  or 
"terminating"  in  the  area. 

Shipped :  Loaded  onto  a  barge  or  vessel  in  a  specified 

area.  Also  referred  to  as  "originated"  or 
"originating"  in  the  area. 
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NWS  Commodity  Groups 
Reporting  and  Analysis 


Report ing 
Number 

I . 


II . 


III. 


IV. 


V. 


Ana lys i s 

Number  Commodity  CCCS  Code 


Farm  Products 


1 

Corn 

0103 

2 

Wheat 

0107 

3 

Soybeans 

0111 

4 

Other  Farm  Products 

0101, 

0102  , 

0104, 

0105, 

0106, 

0112, 

0119, 

0121 , 

0122  , 

0129, 

0131 , 

0132  , 

0133, 

0134, 

0141, 

0151 , 

0161, 

0191 

Metallic  Ores 


5 

Iron  Ore  and 

Concentrates 

1011 

6 

Other  Ores  (including 

Bauxite) 

1021,  1051 

1061,  1091 

Coa  1 

7 

Coal  and  Lignite 

1121 

Crude  Petroleum 

8 

Crude  Petroleum 

1311 

Nonmetallic  Minerals 

9 

Sand,  Gravel,  and 

Crushed  Rock 

1442 

10 

Li mestone 

1411 

11 

Phosphate  Rock  and 

Other  Fertilizers 

1471,  1479 

12 

Sulphur 

1492,  1493 
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13 


1412,  1451, 
1494,  1499, 
1491 


VI  . 


VII  . 


VIII  . 


IX. 


Other  Nonmetallic 
Minerals 


Food  and  Kindred 
Products 


14 

Vegetable 

Oils 

2091 

15 

Grain  Mill 

Products 

2041, 

2049 

16 

Other  Food 

Products 

2011, 

2014, 
2021, 
2031, 
2039, 
2062, 
2092  , 
2095, 

Lumber  and  Wood 
Products 


17 

Logs  (including 

Pulpwood) 

2411, 

18 

Rafted  Logs 

2412 

19 

Lumber  and  Plywood 

2421, 

20 

Other  Lumber  and 

Wood  Products 

Pulp,  Paper  and  Allied 
Products 

2413, 

2416, 

21 

Pulp 

2611 

22 

Other  Pulp  and  Paper 

Products 

Chemi ca 1 s 

2621, 

2691 

23 

Sodium  Hydroxide 

2810 

24 

Crude  Tar,  Oil  and 

Gas  Products 

2811 

25 

Alcohols 

2813 

26 

Benzene  and  Toluene 

2817 

27 

Sulphuric  Acid 

2818 
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2042, 

2012, 

2015, 

2022, 

2034, 

2061, 

2081, 

2094, 

2099 


2415 

2431 

2414, 

2491 


2631, 


28 


Other  Chemicals 


28 

Other  Chemicals 

2816, 

2819, 

2812  , 

2821, 

2822  , 

2823  , 

2831  , 

2841 , 

2851 , 

2861  , 

2876, 

2891 

2891 , 

29 

Nitrogenous  Chemical 

Fertilizers 

2871 

30 

Potassic  Chemical 

Fertilizers 

2872 

31 

Phosphatic  Chemical 

Fert i 1 i zer  s 

2873 

32 

Other  Fertilizer 

Products 

2879, 

2875 

Petroleum  and  Coal 

Products 

33 

Gasol ine 

2911 

34 

Jet  Fuel  and  Kerosene 

2912, 

2913 

35 

Di  st i 1 late 

2914 

36 

Res idual 

2915 

37 

Other  Petroleum  and 

Coal  Products,  nec 

2916, 

2917, 

2918, 

2921, 

* 

Stone,  Clay,  Glass, 

2951, 

2991 

and  Concrete  Products 

38 

Cement 

3241 

39 

Other  Stone,  Clay, 

Glass  Products 

3271, 

3211, 

3251 , 
3291 

3281, 

Primary  Metals  Products 

40 

Coke 

3313 

41 

Iron  and  Steel  Primary 

Forms 

3314 

42 

Steel  Mill  Products 

(shapes,  plates. 

pipe  and  tube) 

3315, 

3316, 

3317, 

3311, 

3312, 

3318 
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43 


Primary  Metals 


XIII. 


XIV. 


44 

45 


46 

47 


48 


Waste  and 


Scrap 


Metal  Scrap 
Other  Scrap 


Other  Commodities 


Marine  Shells 
Miscel laneous 
Forest  Products 
Fish 


Ordnance 
Tobacco 
Text i les 

Furniture 
Printed  Matter 
Rubber  Products 
Leather 

Fabricated  Metal 
Machinery 

Transportation 

Equipment 

Instruments,  Optical 
Goods,  etc. 
Miscellaneous 
Manufactures 
Water 

Commodity,  nec 
LCL  Freight 
Department  of  Defense 
Cargo  Water  Improve¬ 
ment  Materials 


3311,  3312, 
3318,  3319, 
3321,  3322, 
3323,  3324 


4011,  4012 
4022,  4024, 
4029 


0931 

0841,  0861 
0911,  0912 
0913 
1911 
2111 

2211,  2212, 

2311 

2511 

2711 

3011 

3111 

3411 

3511,  3611 

3711,  3721, 
3731,  3791 

3811 

3911 

4111 

4112 

4113,  9999 


4118 
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NATIONAL  WATERWAYS  STUDY 
REPORTING  SEGMENTS 


Segment 
Numbe  r 

Ana  1 ys i s 
Segment 

Combi nat ions 

Segment 

Name 

Descr i pt i on 

1 

(1) 

Upper  Mississippi 

Minneapolis  to 

1 1 1  i no is  River 

2 

(2,3) 

Lower  Upper 
Mississi ppi 

Illinois  River  to 
Cairo 

3 

(4,5,6) 

Lower  Mississippi 

Cairo  to  Baton 
Rouge 

4 

(7,8) 

(25,26,27) 

Baton  Rouge  to 
Gulf 

Baton  Rouge 
including  port 
to  Mouth  of 

Passes 

5 

(9) 

Illinois  River 

Lake  Michigan  to 
mouth  of 

Illinois  River 

6 

(  10) 

Missouri  River 

Head  of  naviga¬ 
tion  to  mouth 

7 

(  11-21 ) 

Ohio  River 

Head  of  naviga¬ 
tion  to 

Mi ss i ss ipp i 

Ri  ver 

8 

(22,23) 

Tennessee  River 

Head  of  naviga¬ 
tion  to  mouth 

9 

(24) 

Arkansas  River 

Head  of  naviga¬ 
tion  to  mouth 

10 

(28-30),  (34) 

Gulf  Coast  West 

New  Orleans  to 
Brownsvi lie 

1  L 

(31-33),  (38) 

Gulf  Coast  East 

New  Orleans  to 

Key  West 

A- 8 

i 

(35-37) 


(39,40 : 


(41,42) 


Tombigbee-Alabama  Heads  of  naviga- 
Coosa-Black  tion  to  mouth  in- 

Warrior  River  eluding  Tennessee- 

Tombigbee  Waterway 


South  Atlantic 
Coast 


Middle  Atlantic 
Coast 


Key  West  to  North 
Carol i na- 
Virginia 
boundary 

North  Carolina/ 
Virginia 
boundary  to 
Long  Island 
Sound 


(43,45-49) 


(50,53) 


51,52 


North  Atlantic  Long  Island  Sound 

Coast  (NED/NAD 

Boundary)  to 
St.  Croix 
River,  Mair 

Great  Lakes/Saint 
Lawrence  Seaway/ 

New  York  State 
Waterways 

Washington  Oregon  Puget  Sound  to 

Coast  California- 

Oregon  Line 

Co lumbi a-Snake  Lewiston  to  Mouth 

Waterway/ 

Wi  1 lamette 
Ri  ver 


(54-56) 


California  Coast  Ca 1 i fornia-Oregon 

Line  to  Mexican 
Border 


(57,59) 


Alaska 


Hawaii  and  Pacific 
Terr i tor i es 

Caribbean,  including 
Puerto  Rico  and 
Virgin  Islands 


aii.i,  ir/i  Y', . 


NATIONAL  WATERWAYS  STUDY  ANALYSIS  SEGMENTS 
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Illinois  Waterway  Chicago,  Illinois  (Guard  Lock) 
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APPENDIX  B 

WATERBORNE  DEMAND  PROJECTIONS 
FOR 

ALTERNATIVE  NWS  MACROECONOMIC  SCENARIOS 


A- 18 


LIST  OF  TABLES 


Title  Page 

Waterborne  Demand  Projections  (1000's  tons) 

Domestic  Traffic 

Scenario:  Badenergy  2003A 


All  Commodities  24 
Farm  Products  30 
Metallic  Ores  36 
Coal  42 
Crude  Petroleum  48 
Nonmetallic  Minerals  54 
Food  and  Kindred  Products  60 
Lumber  and  Wood  Products  66 
Pulp,  Paper,  and  Allied  Products  72 
Chemicals  78 
Petroleum  and  Coal  Products  84 
Stone,  Clay,  Glass,  and  Concrete  90 
Primary  Metals  96 
Waste  and  Scrap  102 
Other  Commodities  108 

Scenario:  Largergovt  2003A 

All  Commodities  115 
Farm  Products  121 
Metallic  Ores  127 
Coal  133 
Crude  Petroleum  139 
Nonmetallic  Minerals  145 
Food  and  Kindred  Products  151 
Lumber  and  Wood  Products  157 
Pulp,  Paper,  and  Allied  Products  163 
Chemicals  169 
Petroleum  and  Coal  Products  175 
Stone,  Clay,  Glass,  and  Concrete  181 
Primary  Metals  187 
Waste  and  Scrap  193 
Other  Commodities  199 
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A-  19 


LIST  OF  TABLES 


Waterborne  Demand  Projections  ( 1000 1 s  tons) 
Foreign  Trade 

Scenario:  Badenergy  2003A 

All  Commod i t i es 
Farm  Products 
Metallic  Ores 
Coa  1 

Crude  Petroleum 

Nonmettalic  Minerals 

Food  and  Kindred  Products 

Lumber  and  Wood  Products 

Pulp,  Paper,  and  Allied  Products 

Chemicals 

Petroleum  and  Coal  Products 
Stone,  Clay,  Glass,  and  Concrete 
Primary  Metals 
Waste  and  Scrap 
Other  Commodities 

Scenario:  Largergovt  2003A 

All  Commodities 
Farm  Products 
Metallic  Ores 
Coa  1 

Crude  Petroleum 

Nonmetal lie  Minerals 

Food  and  Kindred  Products 

Lumber  and  Wood  Products 

Pulp,  Paper,  and  Allied  Products 

Chemicals 

Petroleum  and  Coal  Products 
Stone,  Clay,  Glass,  and  Concrete 
Primary  Metals 
Waste  and  Scrap 
Other  Commodities 


Page 


26 

32 

38 

44 

50 

56 

62 

61 

74 

80 

86 

92 

98 

104 

110 


117 

123 

129 

135 

141 

147 

153 

159 

165 

171 

177 

183 

189 

195 

201 


LIST  OF  TABLES 


Ti  t  Le  Page 

Waterborne  Demand  Projections  (1000's  tons) 
Mississippi  River  System/Great  Lakes  Domestic 
Traffic  -  Inbound,  Outbound,  Local,  and  Through 

Scenario:  Badenergy  2003A 


All  Commodities  28 
Farm  Products  34 
Mettalic  Ores  40 
Coa 1  46 
Crude  Petroleum  52 
Nonmettalic  Minerals  58 
Food  and  Kindred  Products  64 
Lumber  and  Wood  Products  70 
Pulp,  Paper,  and  Allied  Products  76 
Chemicals  82 
Petroleum  and  Coal  Products  88 
Stone,  Clay,  Glass,  and  Concrete  94 
Primary  Metals  100 
Waste  and  Scrap  106 
Other  Commodities  112 

Scenario:  Largergovt  2003A 

All  Commodities  119 
Farm  Products  125 
Metallic  Ores  131 
Coal  137 
Crude  Petroleum  143 
Nonmetallic  Minerals  149 
Food  and  Kindred  Products  155 
Lumber  and  Wood  Products  161 
Pulp,  Paper,  and  Allied  Products  167 
Chemicals  173 
Petroleum  and  Coal  Products  179 
Stone,  Clay,  Glass,  and  Concrete  185 
Primary  Metals  191 
Waste  and  Scrap  197 
Other  Commodities  203 
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LIST  OF  TABLES 


Title 


Page 


Waterborne  Demand  Projections  Millions  of 
Ton-Miles  Mississippi  River  System/Great  Lakes 
Domestic  Traffic 

Scenario:  Badenergy  2003A 


All  Commodities  29 
Farm  Products  35 
Metallic  Ores  41 
Coal  47 
Crude  Petroleum  53 
Nonmetal  lie  Minerals  59 
Food  and  Kindred  Products  65 
Lumber  and  Wood  Products  71 
Pulp,  Paper,  and  Allied  Products  77 
Chemicals  83 
Petroleum  and  Coal  Products  89 
Stone,  Clay,  Glass,  and  Concrete  95 
Primary  Metals  101 
Waste  and  Scrap  107 
Other  Commodities  113 

Scenario:  Largergovt  2003A 

All  Commodities  120 
Farm  Products  126 
Metallic  Ores  132 
Coal  138 
Crude  Petroleum  144 
Nonmetallic  Minerals  150 
Food  and  Kindred  Products  156 
Lumber  and  Wood  Products  162 
Pulp,  Paper,  and  Allied  Products  168 
Chemicals  174 
Petroleum  and  Coal  Products  180 
Stone,  Clay,  Glass,  and  Concrete  186 
Primary  Metals  192 
Waste  and  Scrap  198 
Other  Commodities  204 
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